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Waves 


jvljjjl aa^gJI 


Wave Motion 





ijiiw) 4L4>^£. > ifljb >«Ul qUm ul>^ll 4iit jjk (jk 4i»i 4 *■■*•» «; JLkj 



4 ji • «Ul 4^ 5 * 5^9u c^^taLu ^Jc. ^3 41*1* ji-Vl LuLajj Jjfcjj 
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.(< - ^ JSLui) SLajJ* tllij la^Lu ^ui^4 Lfc)£pa <2 u1oZl 4 ik* ^^k *U< 


. iilkJt Jilj$ JilL uji^k«Jat i^Ili 4iu<il ^^k IkUn^* La 
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^Li« JS Lit ii La ♦jjJSLi i Lfklti ^11) Ujl^j *lll ul^^a Jj 

4 Lxj*$1a ^k (*£J Iflkj] !JUjj SjJiliil aktjJ .5>*tLh lift « ilka *£yjl» Jj^-a 

vliL^-^a ^l JUo iLLIjlS .^LLa 366.7 m L^J^k 

duListS vltjLiJ tZjkfLt olft JjkLIi <(JW^yO Hi 

£4 J^aLalj J^aJal l jyi illfl dU Jl£ 3 v">^m ^lj (%I^ * jLuLkVt jLfjP* 

ciljLu| J| 4 il^ uilt iLljL^yi Jjjili * 4 a > <Ji a 1 nil ^lj JajJ iij Jil>jja 
l i I i^j/j < Li* Hat I kj^Ilj ^iJl ^Jb j^llu 4 a ii ikLa uljLlj ^Ij 1 4 *«^j 1 ^ ^ ^C 



































.ijy* 

(jA l 4-SjjLJ a ♦ 4 A A lift J QJJj A 3 jit jSLtj 4 LtljJ *Ltt el»L^3-4 

tLlpjitj vL^uiJt vLL^-^4 «i 11 j ^5 4 Mechanical Waves 4aSLuI£x* *Ui vLLp-^* . L*jl3t 

^4 ««1 t Q}AiXi]\) illl>3 CjLs^^a . LAjtJ^LAl *1151 jGjSft 3j A lilt 

.Electromagnetic Waves 


2 /aa.- ft 4 • Av) tZjl^^-43 f * lllajt * ^ ^Ctt iliL^jXt £JL* 

4 /Uni) 4 oSLxjISLx1i .Ujxx.j AVt ^LaJi ^ukAIIl ^jLkjuJ ^^Ut (X-rays) 

Ijla JLi 4V 4 umA>L 14jj^ 5 >lt 1 4!*) < 4 a t jilju] b ^L* 


.£tjilt ^ jlALVt l^SLo it 4i^>ft 


t Mechanical Waves iuJLulSLJi ul> >L< 


IMftnSjU 4 illrtx) 


.4.k^.1i 4 jl jljlAl jJL u*jk (t) 


^ij jJLuall JaIIj wit(T) 

.jt^I*¥t ^1 I^jll (T) 

: IfJL* <4XjJLLtj 3jjAfll jAi^LIj 

(T-) JSLA) icL*J> J^juj 4 JI 4 4 ,lnA4^ih Jjjla-J> ()) 
(r-\ jia) *>*ii aiiijit as>AJt (t) 
(t-\ J1A) ^^(T) 

.(0-> JSLi) "YoYo” ^j^xJLj Jbjju U *jtji*t *1151 >uj ukJL* Ji5 (t) 


































(llftll) crf>*ij «^U 

i v ji_4. *rt h 4-ui^ t, ^lt t">i t itCh (j&*4 4_Sj ~x}ij Jut'ijjj 

J-OJij . Complete Oscillation iUO 3jtJ_L4¥t$ * Amplitude .Displacement 

•l*L* JS <_djja5 ^ U^ij .Frequency xxjji\) .Periodic Time 
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3dL*$ll 


ilL-J ^i«iMl j&j ^ 

. A£-*1a 4i4^ ^Aj ^ 

^yjt $\ -j " $u r*lt l_*-ljl 0 irt 51 ^ M) (meter) SjijtJiVt i * i» 

^lAiL< ,^3 UL^^i L*a<l 1 ^J 4ln j^t-a 4j£jJ- jL* 4 AiLuiil 

^ j> ^u ^fe?> 1 tComplete Oscillation ^L«£_fi SjtjJLfcV' 

oI?cj 1 ^ < j£l±!LIl4 4lS^- jLu^ ^a Sjl^-U 5U.it i ^ 3 ^ i^u <^111 2 uL«JJi SjoAJl 

. 4 ^jjJ! 4 j1jj St-^iin* t 4 m x~/mM > T/ws?" j^LaJI < j^iJli «J *ja£j i j^- 1 ^ 


L^3 j_fij ^2Jl jjl-c. f Vj iHertz or Hz) 

. Sj-r-l^i* iijlif! L ^t (HmTati 

pqui ii iuj ^aJk * Periodic Time (T) (second) 

jLul^ SJL^->3 <) jJ^JL I [tLXJL T cJ) 45 ^ilmj ^Jill Lv^.^ll 3) 


. JIM 3 rbtjk ^ <£LJL2L« £H>* <3^- 
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2 *¥t 4 i.« jt_i Jy*—• jj jj ju£. 

JL^ j£ ^JU Jkl Oj * ;£ 4 i^> i it* 

.ft ol>y > iini tlilj Jilt 

; ■ - .(A * l JLu) 4ut kJJ ^ tl I Aj \1 

> J . 4 l y CWjJ* « . »t ■■ . » l_4J-£U 

(-P-ip* g_J»pl ljufc ^4 ,* i f . - \ J£Lu) 

j£*- .^iU« Ja j+Z jL*i' . Resonance 

V 4 4^41^: 4 .u::. LflA-tj J^SLj 

Resonant Frequency *» ^^uJoJi 




ky*- 1 ^ j 


^la>t j^iuC y 4 Tuning JiJjj 

4 Lxa Ill* 4-UJ-4SJ I 7 i 



<* ^ iiftl 1 i tij (Jl^yo 

.Juil*-V» 3 j^»j jk Amplifier 



. isi^tly Tacoma i>^£ij _-•-> • jU^j* 

4>$l^ >*«.* > ) 1 j’joA* >\»4 < £l^>M 

44 OjJl Ojla-4 




































AuJ k ul> 


j-uj jla jl^I ilu.t .43 jLa-u, Lc^J>^4 ^LiS IIL 3*1 t jj 

vl]>9kJj <jLi 46 L£jJ£ ill^ ttt li^JL^ (%J lj JojL?’ i\{ I * 

6dufc JL« ^ aumj } .0 Ji-A) 4ic. *JUjuj ill^ujil jxj 2 uajjj tfjtI jmLL^I £u>|4 J^-> 

|%44L3fcIl JiS J^y* ^^il* UuCjlbJ * jli .iljy^li iS^Jl 

5 /ftl WflV£ wtAJfelt ^A ^yiLu J-ua»5*j Jj^iJJJ 4juuuJ b *•) ^ 5 ^£. 

( 4t^ya]l 4^1 l^lit iS^Jl ^ 14 ) Li ^ \ • ^ JSLui) 
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JjVI 


ill1 4 t l^La JL-^-t J^i 4 I* 1 4 l ^ym lU) JlLjul* 4 ^-i ™ iil-l LfcOjI 

1 .(M-1 JSul) iajl?- ^3 ,1 a« A?< 43^13 J-k. Oxi.4 siJ>*-Vl Js 

**>** iX = A oJj «ll$L* j1 ^3 jrycJt i^- m ii3J» Ujjl^* 

. jr^i-J* 44 >- Compression 1 ^ Ih \ 333 . kio A jn-cj ^ 

* Jml*. J< 4^> ^1] luLu Uk LU Ih JaIIj » jlSLaj .4ail 17 4 Sj^au 4 jLo 1^» li>J> ^Jk. lili J^juj 

jlc.I a H 3 JxLaJLi^j 4 l 2 SLh jriAJ ^Jk illJ ^3 X = - A 3 ^ ^lj m ilSJl illlij 
jrycJ’ j. AHi U <jLc^» Rarefaction <* 1*3 . aL^IAI* Lc^j ijJLr*-* <Glkl^ 

IjA x — 0 jSjWi liVl j ^1) nt 4l2Jl Li.ik vil^xijJt 

Jll 4 ili» u-kUJL) 4 jujiLj 4^3-4 CljUllkHi 3 ililLlC l dUlxt^ jjA 4JLy*J*l \ 6JL3 <JLcJ 3 

4 mil> 33 jLloj) dbul ^SJj .4tn a i«) 4ki^ ^3 (llI j 3 4II4I ^Jllt) In m3] I 

JAIIj iLongitudinal Wave AJjUit 4^>lb 4^>1< ak* ^JliLt *L*ji 

.(v'*-' ^ ±yu>A^) 3 Cj\^ 



4J3I0 ^3 C>Mjfc L^ U<5 oiLxcLaJJt 



£j3lttl UL^I *L»J taJ! 













































4_^^-* Jl1$j 4Ltla- d *Ju*3lj t->JLJJult jJL-ua-lt JLfi tj&A^ 

£u»^i J>^ iM> 4-4_d.fi t^j 4jj JO ^4 Ji f^dj v\i »» i V AC.j*mmJ ^ 


.#^4)1 <^fi ^illij ^Ul 4 u!^LaJl JLjL ^4 ilUj ^JLc JH45 


I fi^JLA-4 ^ik\ Jj^La Jx>- UBjia l^j ^rfi 41* Li mklSLlt Jj) Ljj^dJj IfiJ 

4 U> 4 i>i 4 -k 4 -fit^j iS^ J4JU ffl 4 lSJt L4.ii.31fi t^^tj iiSL** ^fi il4 >4 h <fiijld >"*i 1 4 ^ 

c-jJUJLJ ♦ JLAj (J^aI f L44 iluLLll J 43>11 Jb^L® L*l- 4 J ,*J_dJ dL*jVt 

4 £^_ 3 *I< JUL K l£ A 3 .^^Vl ^Jb c 4 4 juLul 4 Jx^Jt ^4 tJLA ^JLi djj^V 1 

4x-ifi1^j • *1^*1 L*lu 4 V 4 C.j-lmj ^ifii dL*j1 ir^^-4 4lxA ^JLc Jx5*jt J^lo 

•0T-\ JSLi) Transverse Wave 4J»^1^4 i^>4 ojlaj abut iLa^-u 
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<a jJ* a 


jL^-i JaxI * Jj^La ,>< jl_3^_Ll-Ij ^ 1am ill i ib^skJJt jjla JL# «Ij^J iiliSUj^ 

il]j^ dJ^ L«JU£j .dJju^ JjJLil* 4 j* jLa Uio j JajL5o (jUaJl cJjlaJO <jJ*Jus 

^iV I!> 4 ai JCA ^JLc 4 j^^4 jIA iii 4 Pulse 4jjAii JSuui ^Jii i>Vj ^jJLcV LmIj 

.(U - > JSLi) "Travelling Wave ” iU3iu^ ^ 4 Ja-jJi J^L» ^ 











































11*1 ^Allj ^4 jlloA 

*1 . A J^| 


ixiJb*^!]* d£j&&\ ,'iitrt Uda 4 (ibfcj 1^1 * < 2 iIajJU tjlLaj) 4 L^\yL» 4^3! < 6JLA j^Sjj 

• (^0“^ JCA) S^ 4<^4 4 lrtNMill 

iLJjlo o-^« jl-J^J jSLo Aa. > « uj «JiL«j J3.1 A ll Ja_ 9*1 ♦ JKi.a-I.a«i JJSL4J3 

.(W - \ JSui) jaIa^ 3« (U - > JSLaI) 

ij jaili > IflA ^>1 t cIiLaJ^J^ JJLfJ JtliAl) jJL^J L-4 JljX, 4jLfi <JjJ L 4 -S 3 

^Jj I4I43 iL-aJLll 3) <i 3 j 3 IaI 1 LjLuJ^ ^Jj jJLuaJ.1 J-a - Vjl - jIJJLaYI J-LLo 

^i£. iAAn^jl ^ ujljl^^Vl Ija 3^ j— IaY' Ija ^ Ait uj t. i^a5 <1 ^ a!> ^Dl lAAiijil «LLaj^> 

.iiltaj* J-AU 3 JAjUJ t_J<jlnuO > Vj La \j|^£j Jl ^A AM L aS i4-a-^ 3-4 iS^> 4 A A A 





























JSLui ^44 tJoJL* 

4Ul^9 



JSLil ^44 ^jjLtj s A * 

iLca jyc.fj jjJ[ ktSLulS^li ' ai** 


. Transverse Waves 2l*a>*Zu*li*LU.jl»(\) 

. Longitudinal Waves 3lJ jlaJi <I>U»jit ( T ) 
OU-i^jk. jj*3 ,*m 'j* : Transverse Waves SLk^LuJii OU.>U4 

■ 4Sj —** j* -*~'.l «L*01 S ')* r jjjl l^jl^jl J^> -L> - jll 

^LLi>>. ,^Ut oilj ^a .Longitudinal Waves !lJ>UiC iUh^itj 

a ; f J* 1 a jj —-- -U •- j- -^ ■ (Jr lt 1 J ‘*j * l ^ '* I J * Jj — u -J 11 


Q J o'i ill o Jl 0011 lo^l l 


UL^I 






































*LiJ 
» 1 
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4j*lo ^jJt 

4-5its 4 1 ^JLc. J5 lHj ) 4 |jl 

a£j^> ^l 5LL^5 « jL-i 5 

.(U-1) JSL^Jt ^| £*>11*, 
4 ^tj^U w ^tA«ti cLbL^Dt JJLaj L**\U 
Iaj^ 44 ) (%4-aJ’ (%*»Lj jLsuVt ^5 

JLo <jilt UAift ^+**1 L*1 m «( Crest i^i 

al W>¥l ^^5 4 ?-♦ j^Lf ?i JjUI 

£l_i Ji 1 1 jli (%*«Lj JL,Ji 

*!>-**» c>-^ ^1 .(Trough 

4*5 » 4il JLM 4 cllj) ^ 

(j\ < 4 L 4 L£ SjtJjJbt JMi* jguJl I* 4 LcL 5 5 



(4*4) 4^3X1 ^yk .1 j.tlV» JiJLi 4 iUi 
Ctl5) 4^fU Ja-Jj 


L 1 4^^1‘ 4^ 


. 4 L 4 IS 5j* Ua 1 JruJUl4 £L5j 


1 Frequency (v) Hertz ^ Wavelength (/.) meter 


4lJ» ^vjl1xJL» JruJLLLi Jn^La 3 ) JjiuLJULLa Jru-*i Jmu ^Juu 

$1 L£lJU 24 JaLxcL-aj ^1 Jyj 4JSb*IJ ^jli Ui .(> ^ - > JSLtl) IfJ J^LaJb 

.(T• - \ JSLi) I 4 J J^LaJb iJ^LaJ* jryJlIL* jr\li%Jbfcj ^ 



^1 UL^I 
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lA 


JluJi US i(BD) i MO J^LaJ’ JUj 4 jl jSLo * i ju* Jlcj 

iSuiuCj 4 jjlS^jtli (Z) * #) * (Ci > 4 ) jnlJlII.* jruLxij J£ Ji -0 4 - >) 

^ l a4) ^1) Phase JryLJli-li^ ^jruLrfJ Oi^ * dbcjl 3 . 

. (t\ - \ JSLi) j^LxJi l ^Ju U 4! JrUJlil# jrulaij j\ Jru iiLu*I‘ $J& 1 ^^$ 1 * J^LaJ’ /. 
.(tr - \ JSLi) JMi* i^>l» iil—lt $M 3! 


MUiHMHV 




iJjk A>*^i ijk o^>l* JjW* clujju 

djJLi ^Aj jL^l4 4LaJL4 JJLC ^yk. ^ilr-kj 3 

. JJjDt 4jl>\j JL?*» J 



q J o'i hi o Jl (Laj±LoJI 
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• J to 



JjIoJl L y* aj^\j a jjj A^>ll 



<Jj9± tj* j A^l* (jJJl abLaII 

LT* T JL^tj 






























































(j\k X J>bJt JjLsu XiLut* 


3-t ^Jj JlSb V 4jl juMj i>|4 JLdiujt 1 j| 

T *jji ll*J 4**>U 


v = 2i 
T 


v= — 

r 

r= — 


jSf ijlii* 


6^ 


v = X v 


(/- 2 ) 


illl tjl Lifl Ja >LS il»Lf^^l< *^± +T ji A r>y 4-4 Lc. ii^Lc 

.(U-* js^i)(rr-\ jsn) 

• J^LaJ* JjLaj iiL^4 4^1* JaIIj T 4ii ^1 

l^alrkiil ^1 Jt^iaVt JJL£. jl ♦ 4±illlt ^ tLtjtjlAYf JJLC. ^Jb 

.2jl^»1j iulj ^ 1 tul 4 aL*jt 3^Hd» 4*jlt 



V' i-c^lliJ ul>^ll ^4 jlloA 



ULflJl *b -tilt 
















































aj aI .--n h 4 4 j’.Tl ^jjJ^ 0.6 W jlLa-S L&jJi-uaj ~ A u$ ■-- ^ c ’_jLa jjl_£ 'il 0 ) 

<«-l$$Jl ,j3 jLllif * La 3 550/f^ 


v-lV 


v = 0.6x550= 330 m/s 


s JjjJI 


12 sjt 4-jkj ij JJS J_4j 4 ilrlrtij >4J ,_^U l «U l Cj 1_>3_4 iJLfc ijlS 1i| ( T ) 

. jLukZtl — ■■-*»■\ 0.1 fit Sjlt'-I^JI I 


v = A, V 


v= 12 X 0.1 = i .2 wj/s 


'W 


(3 Ar^nj/i) lu\ifl 3 JLS sJttJl jtfO ifcijuu^ ^L^LdJ k ^4 C-^JUaJl ClL^£* juIlZj (V) 

^ Cj 4f1 1 * I JUfe JLijO $Jb , 5000 A° cJacxJI A*-}* jj\£ liji 

1 AngstromfA°)=!0- 10 ni 

= lW< 

c = v = 3 .v / 0 * mis 
X-5 X 10* X icr 10 = 5 xior 7 m 
c = XV 

JxM^xiO^V 

v = IlJ^_ =6xl0’ 4 Hz 

5 x 10 7 




























* Julxu ^1 1 i mr ± t4^->L' • 


. f«4j‘Jol ) Aj^SLuj /*^ aLa^J ^1 ^ ftxu^h Jju iA^-IjV 1 * 

Jru S—g'i iiill a1 4j^ hi Jy£. ft... *»lt jj iA 5 4 + mi • 

^j^-Vl ^Jsa LaL^S' 1 * A* JLa- 1 ^3 p^SLa ) 7 3 1 , 1 k i£j^»- jLt*-* ^ 

. 4.Al1&14 


J/-L11J 1 ^ (_Iao-ciuJl JajlIaII JL-a) . VjL^I 1 ftjo/ux ) 1 U^. U j ^ ^JJI I /^A dl^'iSJl ojl VIaVi • 

. JL?- k 3 aLro k ■jnjj*/* jLul^ jj3j>»* ^ 4 ) ^Ul 4juu*jJ1 

ixi'tiJl 3 * 1 $ 11 ftinyJl \^V I^j 4L»l£ll ±A£L k V A^Il' • 


> 


- A3jdiJf 


^ J? aJl <> 3 il 

r kuij JA-lj 3 -j.Jl 5 >j i£> 3 fc)l jLui^i 4 jjjl * i^iaiio jwflla xfc ftl 

3 A 0 ) .aL^’l-S SjljJLfck Jjq-C. ^9 I jtLxj^J^J I <L3j» n 7 $A t 7' rf jjjJi >;Ji 


jLl4 ^ * * * 4 4l"> rti 1 Jw4-J li ll» J^alJk Jj_4 ) J. i ^ u ft i H "xJ > 


^all ^jJl 


. A iVl_3ej1 

■ ai<iiKib • 

. (V) 4ZjL^^_4 (\) 

•.l^jl^jj! IJLLiTo- I^aS 3 f -6* iy-^ 1 »L^^l k lLLLs Lsr ^ »2 i.--> ^.*1 m tj JLjL^^X' • 

-•2u^4l k iS’^srJ k jtily obul ^Li 

t^k * L^j^Vj 1 jj-b 1 J_$j>- i^-uijJl OLju o- L^xi ^l! 1 CjLt-jII dLb ^-A liJ^aJ 1 CiL?-^! 1 • 

. 4jJ^ i^i, \ jLioil U j L - ^ 1 

. AjJLlLa ^jIajiAa Jy4 oiSuLJ 4^3 j> »T i .. 11 U L^-^i 1 • 
, AjJLu.^ LuaJ U3^> luJ^LaJl • 

-t^uV 1 l uJl>3 ;4>'j)ft j r ij- k ja-iu kd 4>fll j.LHjI ^bul ^ jkJLlU jiiilj w ;l ^ A^'uaII oA t^^L' i 
V = ^ V t sJT a jLHil jnj • 
































3jl>. jil 


^ <1 i*m 


i /v* -\ 


u ir-jiik -t 


-\ 

-V 


2LJQ1I ^jLuJt y£ u Uii *Lu£ 


^ ( 1 ) 


3j'_^JufcVl 4l i »> (uj) 

a airfKJl 3)1 Vl*^ <» 
.. *4 i>JJ' 0) 

. (-fc) 


JLZlX( I 

fCAjjjll jLlIij a ,^>Li JjlaJI * J-a/U 1 ^>o kailddl gJuuuJ 
i^L I» jgj,>.tr»TijU?i^Vl^L»5 {%/) 2LaM^> 

X <-?$■ I 1 V ,jjL<s v <2 jL*-$1‘ jLH>1 Jhj 4$}UJ1 - y 


V= -K M 


-2btoc juo iSul>] JL?->> V 0) 



v = X v (1) 

v = - (s) 

V 

^ (jjSLlJ lZjL?- 4-4 lull -T 

.££LfeU.jj iLIL^'u^: (1) 

, JUx^A |**3 (t_i) 


i i. J-Js 1^4 3^urk^ wjL^LuJ \r\ j M jJl Cj'uJj-*- 'l^jJ liJ y v^Uj!| ^jLjUL^J (^) 


fcJItt! Juall 

































, Lfejl/!*?>! j'l-stjl 


*a-s1^4 J>-^ ^J>< *«"> * CjL^LuJ, i^-L4ijJ1 CjLLjj»_J*- L$_l 2 si] y fJtJja Cj^LtsAKj^ CjILajLL uaJ (j) 

iS^rt} 1 jLIaIjJ wLa_^ ^*Aj L7 k. l^j^SL-u 

666 //' 0.5 M 4 A JuL k'u LfcjJLkAJ <^1?! i_ T> t^ JaLa 4jLS il -T 

• 4 '^ 1 J* *^*^1 i u 11 j dc ^ L ii 

546 tnfs O) 550 mfe (g) 555 m/.v (^) 55/? w/.t (1) 


225 //* 4Lj*A j 4 ^ A"i*i 540 tfi/.f d_^_f l ^ vZjj i^tl lI^LS’ lij -0 

i IjaJLa <^^1* 

J ? 4 

~z (*) 20 fe) -j (v) 4 CO 

2 4 3 

«.\_ 4 a_oJi j..A I.I L > (7 Angrt/wt (70 = JO' 10 m) 6000 A* ^*>1.1 <J_jlo <-y^ -\ 


♦ >a ojSj 300 x 10 kmis 


4* W;(u> 

4.r70 /0 «z o) 

5 .t iO i2 Hz (j) 

5 x /fil" tfz (s) 


ijnj 4 t_uuJ 1 jj$£j . Oy*-* In 11 ,o ^Ji J)*j i'I. 7ii 256Hz > 512 Hz jL^- 5 .* -V 


l 
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(O 




■ i-T 4 * LTHrTii' 




alo’i mo II qoi \n 0 \ \ 


I- 




























$4—^1: ^£11 JiOdli I 














juiai jaiii 


^*4 Ah jl Jl w >4 1 4 *£ ^oiLujjV ^yi!^ 4 -SI La I* j^-u3 JL>^ 

.3j ‘^5 c^J) ^J) ^^4-iU’ iilLj (%LkjL>4 Jl J^lft JSLcjj . ^UmjLAl^h j^L^J,» jl^-I 

JL3fcj JL^V* JlSLtj 4 cllJt iiLu^ Jl JjUL i.il> iu:^i tl Ah 6^J» YjJ$ 

.tZiLuJt Laj) J.uii ^jj* 4 tLliJJt J-4 4x1^. ^jJ< dct Jlc 

tjJL^_4 »j>^ A J4 41* Jl J^Li^Jt li^lj JLd4 

• JLjls^^a 4a olrt 4J tjuill JLft JUjiS .4jiSJjlSLfclt J a Ixy Li 4 Tat * 

J 4 j£. via.ll.34j c^laJt Jl Vj . i^Ilj J^lJbLhj jl ^C'iVi^ ^ISjuY* j-* ( $LaJ ^ ?*j y^Js 

J 4 jju Ja tj> .^jLUljV j *U ia-^3 ^Jj jllswV 4jl A**- 

I^IaJ Uj^ jjL -05 4 3x10 m/s LajJLd 4 jlj\j J ‘ “' I 4 ** < 4 ^ / wbuuUJ 4* 4 a*lrtLjt 4 j^Ch 

.( I - T jLi) Electromagnetic Spectrum ^^iUUiaj^jSUi v^nUl* 4 t Ui4 . La^ 

«Ljy 4 « JLL ^^-44 .Radio Waves jjuitjJ> JLU* J* 4 «« J« Ajj 

^:r - v -: f< 4* Av< Visible Light j^Lallt *>4^11 Infrared *■ 

* Gamma (y)-rays L«L^ Jul-II *LU>>>4j 4 X-rays i^iv* *LL?»>*j4 Ultraviolet 

CjL ^^4 Lp 4 ^j >-4 ^3 JaIIj 3! ^43 4 -S^Lla 14] 

4 lilI t*! AulS JI 5 4 444 ^ sLL^a l$j| A*■> Ja 1^1 a* aLi Jl La£ .4J»^aI *«a 

• 4U>^Xl l^J*^Lalj jj 


Radio Waves 


.j-a)1 


. *K^ ^J\IjS\ laU^J 


10 * 


10 * 


to* | io** ib ' 1 io M 1 10 

w<l>jll jy 

UyJI 4 ,in., 4; i II 


if 


t 


Xrayi 


/ 


Ciamnu ray* 


“ 10" id" io“ H / 


Jfj-^Cti L ^lUt f 














































a In Ilk* CiVL ^45 Au^jj^S JjVbt -4 ^ J^SLIj 4a $ 

SjuaLsLL** 4 iiL^-ti J» ^ic 14 *>i y 3JL4L1JL43 ;^U h kkk I * ^ V 

.4J> jjlLma <1>1^^4 dLJju ^43 «(T - T JSLi) 4^U Ja L*jLUj] ab*jl 



4u^ n2»VIxa J*4 j^Sl* 4 ^mu13LUl4 5 < ^SL1* 

jLUj* dbu* Iflaaj ^k, *JL«Ui4 4^*<lnLi4j 


c 4^.-1 Jt ^wLSLxjt 


4ijL^ * jlk 43 jLa 3J |%IU 44>dl<«* ]djld> uIaImVI ^L 4 l^ C J * Jtaluuj 

.£SU)l A* ..l* > '. AAA +> AaI~±a > / M “\' Lw3 L^Lit j) KLX t> ji L^ISju’ ^jLju 4jI£ J^jUl 

« 4_Aj$lnJt 43lJSJ» ^3 JryalljtA jr\L\ a *5 Jru J-^lk gln-^ ^JLc j^ljL-i la- jic 

. j^xIaX^ JLcA* J4 jam^a) ^"V* cjjfcltj CfJAxJl JyA Ujj*’ *jlk 

-o4*U (T - T) JSLDi > 

^Cl t > A ifLiLuJ^ fcL*, /alt ^y* 

^ iM ?1 4^*1 I W V< ^LiAmI* ^Jk. ^Ldll J^4 1 ?' 4 

. J^dlil* glnAM^ ^Jk. J^ s f jy—* 

ills* 4 

irfjtj - Layu -Jl l<jlj 
.jLmSL»V< iJl?* ^ ♦ 

JjV^ InAA^J* la^ a 4a!i 4jjtj uhL> Jtjlj 4, a , amaH 
Jru 4 a amIIL-S ^jLU* ^ jLuiljVl Jbjtj - ^ ^Jj 

In <m^J^ (fc _ r i h 4 £jaa ^)j JjV* In aa^I* ^ A^jam 

I 4 ilr Jfr llnij JH JjJL^J 4 jL)Ij 4aamI ^3* ^jiu» 



11 < ^iSLajl 

















































AJ Ll JjV^ ^dkaujl jl A tSL >V^ w L-4 LjL4 


sin0 = 1 l =n 

sin 0 v 2 1 2 


( 3 - 1 ) 


:^L*L& %jCu 


^$1 *«">3 4-oj^_Lf' J_4 f‘ v ,_ aJ* *1 aft ^_a uaJ< ^LXjmui .1 i"> (>) 

li^tj lijj .JjLi idi«5 jl Alg.^4 ^ 1 jJx Jl ji cL*^a-jJ' Ajl joj j 3 XlO m/s 

^^4-uJ — AbuuJi jli V v w4^JU 4C^uJj C ^Jl^)b ^.iJt ^ <jyl li 4£. 

. jj£\ <lc^5 n >4jJb » j^J jjiLaii jL*£j¥t J^Ijla 



( 3 - 2 ) 




n 4 J jLA >v< j^Ul4 

i/jUI ii>J' 

1.00293 

*'* 4 >' 

1.333000 

-1 -6 

1.501000 

u i} *■ * 11 

1.461000 


1.361000 

uX;- Iff' Ji - 

1.52000 

—Ui c i— 

1.660000 


1.4850000 

3- b'i -*-)i 

2.419000 



O 1 

II 

> 

. o» ( 3-2) iaiuit J-. (T) 

n 


V| - n 2 

o» j\ 

v 2 n, 

J£j 41-5 

_ n 2 

i n 2 ~r 

(3-3) 



UL4tl 
















































(3-l)^(3-3)>^uJW 


n 2 _ siii0 
n x sin0 


ri| sin 4) = n 2 sin 0 


( 3 - 4 ) 


.Snell's Law Js^ju L« 1.1*5 

J^Ljl_4 ^Luu ijj*j * 11 y la mJI In ■*«$J ^ILxll jl^SLiy* J-*La-4 Ji 

.jiuiSLiyi ^ jiutSjSft ii,«.jiutSjyi 

Ji^LaV* vL*a l^SLS^i ^Jj Joijfcj jL*SuVt fijia^-l^l J>SLc j - T 

'jrfXoVt c^fclaJl jJJ jj« . ^^ 5 !* J^LaU La-J ^Unl* jL^SuV* J^Ul 4 » lall ‘tej JLulT^ 4.^11^! * 

Cjl£.laj dLla ilda-^L* (jSLcJ^ i4jlj^SL« ^Jj 


jl .uCtV i ^Ju 

^wuiSuI 1 vU l^J 1 wj jJLd' 431 a£ * In a »5 J 4AllS In a* 5 Li^n ' jj 

4 Jba-aJ» Uit ) . 4 a I ^ 4^Ui4 yt ^jl^J JLj 4j^. dUa JjUj* a^» *?i 

jLutSj* » fc >i tjfl> ^wSjlJ 1 5 .(t -T jLil) jLali iLxjl vN.l^A A *^uj^ 

a^i ^ t juju ^Sll\ £buUi JjSli iil£Ji J* Jil iiUSJt ^ ^1 iiUlh 

.(o-r jsli) 


. ^U-J 

U* mi0^y 

e^\j 



^i. £ \J\ 



iiUS Jit k.j W J; iiUS *S» J*_, > jLAj< 


iiUS ,*£• k-j isUS Ji> k_. J. jUii; 


JkJl 

























































30" t-\j g .. 3jjI^ 1.5 iJjLjjiil £ji *U.., <J jLc. c-1 ± *■ ... lil -1 

.jUSjVi aj»ij 

0 -^Jt 


sin d> 
n =- — 


sine 
1.5 = 


sin 30 
sine 

sine = -^- =0.333 

i j J 

e = 19° 28' .-. 

3 4 

_ jL-SLiVl <> 1 **$ _ 6 Ult ^JWl jLuiSjVI ,>U* *1 -V 

2 '3 

i JL>jili 

slil (J* jLuiSjSh CO 

.cU 1 ^41 >f 1 ^y 4 ^ t* ■ .< iN \ ^ 41^4 (i_j) 

4^1 *Ui «> jLuiSjVi >Ll4 (!) * JV> 

3 


n, = 


"i 1 


_9_ 

8 


.«.U0 C^jj! L& (l_j) 

4 


n 


2 n, - 


_3_ 

3_ 

2 


8 


n 2 3^ 9 


, 4,aL* ^4 | nj 


2 n i 


* th4-ii J*4L» I jyfe 


l.jghi I literTerence; «.^4aJ» 


\j L^jju ' i * ^ - j !aft i _ jr 3 Jii-i jlUI i^wblLi i_u.1j.il 4 jm^ej Young -'LL* ^Lajj ' 
JSLiJ‘ l_ufc ^ ,(VT) JSLlftj .Double Slit Experiment ^^j4‘ , 3 -UI 

Sjls-I^ aajls X <^->11 o' Monochromatic Source o$n> <_jjLs4 



qJoi hiq JI ooi lo^l l 


12 


l£4jfr! (Pfrt ULttlt ^bja 










































jVl 3 



JL»L ^^4 juu S 4 ii«J) iLLii^A irstls Aj J^a ^jumLL* jlsu ^k, *-oj . AuIj 

^JLc S, 4 S j . ^AjJwA jJ^LcJU 4 wS 2 4 S| 4 jLudJUU» JliLLlI l «4 Jlljfcli Aj JJtJ 

JlLstLil* dLJL-Jj . j^LaJ‘ jj^oj Iflml JjL^aJL! jJJjJ . Axj»^L^^V > a^^Jj jjlu» ^vku 
^ ^III ^L.4a 1> dLL w ^a$ *4Laji^Jili oULUJLjJLt 

. j^LaJ’ ^MiJu LrfJ 5 A.m , mlU 4 j$L-u*JLa L^jL^^-4 

S 2 • S j ! Jyi JjGjjLyaJt ,jLul>*^L 1 JiLlS^Jfc! 1 ^wIula)* 

i lil^ 4jjl^jj| ol^j.4 1 A ^ lr 

) V> l 4 A jjla 3/k ^ a 4 ♦ 

.Cl^JUl^V JL*l> JjLj*I» 



(>AU cr* Ji-'Jl>t i^fcUa 

gj*» 4j>s«a JH*f 

w v» <lJ' Jril4 jLai' 1 C JiLstI < ^yk.j 

jA k^4Jb*S 4JLO ^1 Ji>-'JuJ* 44.j wi^t^Ul ' j^J 4_Sfciijj .Sj « S| 
44^4 l ^U‘4l~> 4?..U* ^IsLL* J>4. djUc ^A* . ijj'^U. 1 441 4ll«0 ^LaLLl' 

m .(V - t) jSLUt L-*^. Interference Fringes Jj-iaJJi ^jl* Js 

- .ASMjJ 1 W W» w njLu £^Jt Jv« A y JtlLJUL* w nliOA Jru 4iLud* 

( 3 - 5 ) 






>U' 4iU> R ■>■'*•■•11 J>U> ^ph-Vt ij-f. J*La X ilo- 
S, t S| Jjj 4 &L 4 I 1 d 5 w^jl^J 1 Jl.^'.y jjdl JitxJ '* 

^jL>' cJ^L aJ' JtujlU 4j^v5tUt ouA |».lVl.»~t dJjJ 

•o>lf 
















































£, J /^%t t 



J I 




4-*JI2L4^JjL4 



. J^-»jlU< ^ 4j% 3UJ‘ w_ij^j< -l 
. jJUa JSo (*J 4u wjJs^)» -y 



wjJLA JJLXJ ;L-JL‘ 


J ' ^ 

w nljtLaJ( Jy» -j .-T‘.tj Ji-ljLl! 

^-3 l 4 ^ U I j f > 1 _ r ic ' ll n*> >1 

.(i_j A - T ) JSLUI 

l_»jl* j -l-lm a 'i jS-*i 

w * 1 '* «LuJt it* 

gjjjll !>U> 1^' 

.Jb L 4 S 51 J 

J ■*'l ^£1 4 iiljUt JJU jl^ b] 

JbjUUb 1 1 { . ■ > »J—i—i-^ R 
3 £-*i 4 iLi ‘ * o& d iiLudb 

•*! 3 j-* Jjj.iLnaJ' (r 2 , r|) J.L C U lAM jLklct 
ym iJl»- JjbJt ijJ) U^j-oJjia JAJ* 

• *£>•>» 

t, JyJLC.1 «.l! 1 4J$1j 0 .iblS * j] J 

>* ,j >f ' « . * ■■ f t ^vjoa 3 w jLu»I,i i*>* jli , rj 
.(* - T JSLA) ^ 1 —*£. Ar 

4 iM*l* Ja 4 jL-_- JSL*j 3^1 ijukj 

Ar = d sin 0 

.jjjji* 3 At * 3 i# 431 ml 'd A 


m /.i -*■ JI^LaVt ^yt m jjlc. bjt 4 . * J t e. > « *- '* jl m « ) _ r i jj-oJt JLS 1 jjj 

jli ^l>irtJJ£ 

Ar = d sin 0 = mA. 

jjSj ^ 1 ■ f 4. i ^ 4) ^4 jjSj 4AmV 1 6JkA 4b»i< * jli ilijj ^jlf } 


uball ^bj. all 





































sin 0 = 9 =^=4 
d R 



J'jlaV' ^4 (m+1/2) LjL■ - 4 (r„ T|) ji c l m *nh jij jl ml* 'j] l ~* 1 

Jj£» JuiLU* ^l£. ix-ivi «jl» ^^43 dtLa^j Ar = d sin 0 = (m+l/2)A, 

y O&J LtJUiUuJLL* 4 jJLA 

sin 0 = 0 = <.m-M/2)A. = > 

d R 

y = (m+ 1 / 2 ) 

d 

0 i£- iUlLU* jjLLIj * 

^JLC ^ | ^4 *- •+ ltr»A 1 t 1 jLukl^ J> jvjft UJUJ^ 1 ^ 4A.lnn.ll 

uj ni^J I j) 4 jULU3lX^ - 1 4^1! 4LuiuJU Ill jljL&l^ 4 A L '4 J. » * “ T J^wui j 

• 0 > - T JS^i) 4JJL*]I iJj (%^b 



Ll^*x4 Vju-s JnuiU.lJ 1 4 >vj ; L-I< j Js ^)\S Ul£ oJ^J* 




































jrvLL^xt 1 _*n~LU: w ni_>.La?i jyj iuaL^I 1 zJ»\S £o^li j ^ ^ ij>*j 

jru 4iL-J.* *lJI£a 0.75 m JluiL-V jl* 1’ Jjlr*Ju jJLft jru *iaL^i< 0.00015 m 


.<*•13*1^1 «j$U* c^wil? J$kJ* 


>t 0.003 m 


A XR 

Ay= T 


tj£Uuuu^4 

• iWt 


0.003 = 


0.75 x X 


= 


0.00015 

0.00015 x 0.003 
0.75 


= 0.6 x 10 6 m 


x = 10 10 x 0.6 x 10 5 = 6000 a* 


■6 
















































Light Diffraction ■ « 3 —j 3 ^ 


U3U>U1 Ulo llili 4 4j^j'j 4aJi J^U» ,Ua **> Iajuc 

Ajlaj jSLUt gLua^l* JjLsJ* < ^C. J^SLo Jl 44<ii 4^4 y U^ ^Ja c^laJi A A Til ^ 

.6±Jl3*j* i*U4rt4 


ijLuuj -Airy Disk j^jj ^^4 4 «lj . u^ 4* * <iii ji 4t2 *M ^%SLJ 


.(>T - T) JC Ah ^3 USi4JLx4 4l^a4 wjjla - JibJ» ^Jk. 2tlu»yt *jj$j 



Aj^b'-J 4j*_Lfi ^JLc. 1 


^jUi(U-T) JS^J. Uiy. iLL*L~. i_*I» JL. (U-T) JSL1K jJ,*, 

J^t <jj 4 »aLc .SjLaU 4JL0La j4jl> j^oti) Millie 4 

.('0- T JSLi) g-^tjyo jpbJt inli j\juV LjLLa 


Lllj La^Ia JSLfl . ‘3 Ji-i juJ* Jru jjJk^ V <ii ^SaJb 



JjbJ* ^ *LiV» jjul v»3^ 

W V* 4m!iU* ujj^i' Vil-J V4 

4LU>.*4 AmI* w JLc. j w*J 1 


aLUL-a a*^ JLc 







































2 —» 5 ' UJ& 

I a, _f V ^Li_iH_f 1 


JjlaJtj ij*S jUmJ* j'juI 
LrfJ iwJU Jjju* ^>1* 




£^uua jU^I. I 





4*1*31 Ja 4^lix* Idloj Ja ij* L-a ijplj Cj\s*)a J^Ijj f* t 



rr 


i^iGlI ^jfitl uhatl 






































^222H53® 

JSLuf J-Ja(iuilta-4 c -1 JLA l^ll^Ti 4* k*^i4 uJLA J t^t t ^ j^ 4 J LlyJ > vC ^ 1 - n/tTf 

^JoS Jlaj ^ic. 4*1*1 jl^^j Jtlnl *«* jul 4 j f jlaU 4j^I*j** 4*-$* 0 V-T) 

^uJl >1 . 1*^ 1 4>^1^ jJLu3 idl^J jJUJL) 4JL^$1‘ 4j>k*i) Ltjid . 4J Ajj 1^4 cL^Jb AilliJ 

*oa Ja jjLi-aJ‘ c>^?< 5 . Secondary Wavelets 4 *>Aj ^13 jjLo-4 4*UUj 

^iljl 44LLuiit ^JLl AilLUl ^Ll 4) j l^ui Axo^lJ cjbu^l^ 

JJLA ^5 .3ulLuJl ^JLc P dJJLSX* jtflii JUC ijuiSfl % jlA ^ U ^JLc 4 ^.l»I< Jajua JjL^Jb 

dLJjJ . ^wJu I 4 J iiLiJ 1 iLaiUJ 1 CjLmja jjl*^ J^Su illjJ* 

• 0 > V-T JS^i) 44^4 4jjla JS^i ^ ^Lx) c4 ,>103 












































4jy^j cL^a-uJ* iulLUl 4jlj^jJ< ^ L«JUr .5 

J-SLsJ* (jlc. i* 1 <>>11 4 ,t.i j—&j-*9 3^-1* j-Sy-4 obi (*1 4 I .«l* j4 0 

(J\J jLoa!) jl /a m t J>IJLu 3jjl ,yl ft ylll 4 jLjj1 jQ (c-j) V-T 


Jo* ui ^LsL-kU* o ^^LJl ekuaJJt 4 Lxoj w b 1 ^IjljILI £Ljl^U1 

J->>Jb JjJbo <bU 4 X JJL£. ^A ^JLujJt iJfLuaJJt 3Uli J^Lm.) 

1 

♦0 A - TJSLi) &U) Ji-1 jlj j± ba*. Jj-oJ* JlS jla 

2 






a J o'i hi o Jl (Laj±LoJI 


UL^I 









































* « 






J jLV^i 



J^CJt^Xc 3 jJLa)1 

Limit of Resolution j*UJt ^jlc. jic. 

J}L> Ufi« JS J> cpJa >llj igitrtrt) JLi Jk. jl 1 *> 3 J* j ).lirt 4 LujJ utf*! 

jru kiL^d* »ij jSJj . 4 La I am 4 *jju» j^Sb j.xaa * J£ jli i Aperture 


Jj£j*A Ju jl JL>j JLij . Lc^Juu ii! jJlU> - JbjLLu J-LuJL^Jt JLib i^jjJUdJLl 

3jJuJ> J) jl * Aperture i3*ikJt jki ^ D do^- * A9= -yy iaMjJb Igjib ^Joju jrwa^J* 

J^LaJ* u b-i^La* iijtJLdJ' J-4 11 Auoiiliuu jJj. 

(Aperture bui!< JjL£>) i-^ jjlJi Jba ilL** dddlj 

l^-buuj 3 vLIcaam^I 1 jru v-j^SL^. 3j jl5 jl*j 

ojjkf 4 J-iJS ^4 LfJbjj L^LL* jSb (%) J^-aad Uu * X* d>^k m L4IS5 

. 0 r j^i) jjL* is 



Li^>^>> w v^ ji j.ifil 1 w_j jJufi * LdSk . I 

^jljlAjJ 1 ^JLC 3 J JLil* ^Xu^< 


?Adb V 5 


U ^li / j£*l 





Uja ^juu«jJi ^k. 3 j jl3J ' 

jjuaa 4 Jy++m>*] » Jru 4iL*l* Cj^Ju 







































(ii 


t #jJitl SLajLamJI CjSjjlaSS ^4 LJ i j 

,44^41*4 ^mIHj (>) 

.^IS^>V> Ui 5 (T) 

. jl^CW< Ika 5 (T) 

t-iJL*) jniaJL) ^3 c^*kJ‘ 3jul ^3 4J$kj J^tJuJt J*C t c^kaJl J^tJLu (t) 

.(auJLxa s_jJLfc) ^jkaj ^3 c^aJ’ 3 ju 1 ^3 f'JLsutj 

.£>bu fjLxual >jj 0 jL«l4 ^ yL^\\ JUntJ (0) 

. 4U^-^4 iSy ^Jlllbj JjL-^^U AUlaJl ^v-xjL-a_j*] ‘ C> -Ju £JLA 4 


4L>- j^} > kj *\ jjl^ ^piSJl ^LSuuV * 


Jil 4 jl) cUtS aUj^. J> 43US 3 J^4 £Uul Jklxj La JUC. 

43bj £4j.(T*-T) JSLUl^i La^3>4Jl)‘ .LJlkl ^SkU fcbuUl oV^ <4^^4Ui>4A iiUS 

444 & 3t *jJ (^-llS jILslA jLh*£jt J^aU-a) 4./)^k> 43LS ^xSSfl JoxxjJt ^3 kjii ««ft 4j$tj 4-*x3 

. (jmJllo j 11-14 jLxSLj^ J^Lla) auj^J> 43 US JiV* jLxSLjy* 4 ja»3 






4/>jJi 4iUS Ji ' ku5 4*^Ji 43 US jxS^ Jyi «^u> 


4J4< j ilo IajlIc d) 4ka A 4ajl£ 4-U^k> iflliS jxSSft ^3 4J4< j jiu LajulC« 

j^uSuX* f U-JJ* LAjlc .5 4 90* I 4 J 4LaxJ jj£\ 43 IUS J5v< ^3 jLxSjVi 

4jjtj ^4^ (J) 4^jjJl 4jjljJl 4 JLj*J 1 dJ3 k^til* 4J41J ^4uJj .^kjil Ljl^4 

90° J 5 L-J 4/t^Jr 43 US JiSn laxk^Jt ^3 jLxSjV* 4jjIj 4U*>>*k 4jll£ v vaSV» ^3 







































( 3 - 6 ) 

JSV1 ni^J> jl i n\i 1 n 2 j4 aA> 4JIjt fuV) 1 n( i L ii> 

.A^-^Jell (J) iiLiS 

is^LaJl i_juSj djJU£j i Q 2 = 1 islii Ja^» J:^Sg L* JU£ * 


n, sin (b = n, sin 90* 

1 T c Z 



n, sin (t) =1 
1 T c 

11 . =-!- (3-7) 

sjn$c_ 

. ibkiS^Sb* i^,*U L pai jL-£:Vi J^U* n ( <lu*- 

3 41^ lL-^j lilj *<l] <LSji. 94J IrVi.ujJl jLdiiijj ,J. 4 l«_* v_jLj*_=p- J^ 4 j dUiijj 

. Idlj V 1* * At I 1 Jb^l • Jyl I ^yCj 2-LJjyJs ZlVlX ^ .1*1 i iJ.Igs^rf i <nTl 2b^.1 ^ 


JiMi* •; i^jJl ^yLtu ^3 LJS L^LSjuj Lajj_^ 4il2S JSVl ^ULf 1 ^J1 

lJT 2 wj^- ,1 A>j *ri ^ £y* Jiii ' la^ ft im 4j^1j ij\ 


. (^ i V 4 -Y (JSlZu) Jji^uaJl 


i Ail- .i 


3jaI^J^ s. i/iA^L^ j;_ 1 ^ T lf 1,33 j 1.6 L<^a pLlU j 1 _^iS _>1 ^>l_4L*_4 (jlS l^j - \ 

- U^J-4 JSU 4L^->»] I 


n l 


1 

sin<t> c 


iW' 

^b-JJI alb. 


Sm4> c = — = -1 = 0625 

n j 1.6 

<J) C = 38“ 41' . 1*1*4 


































<t> c = 48 * 45 ' l<-> 

j 11 JujtjJ' • • •-■*•! j‘l ■-'I Jiu> 1 .~.l'il ..Ii 1 4 i .-* -T 

.#U 1 o4* *> 


|^ljL9kju«b 


n 2 sin 90 " = n, sin <j> c 
1.33 x 1 - 1.6 sin <b 

T C 

sin <> = ,!-*J •.?.?. = 0.8313 

1.6 


<j> c = 56* 14' 1 * 4 , 



Fiberoptics (Optical Fibers) ( Xj>>aJ 0 30 JtLJYt »¥ji 


j-x-ij »"u^4 si-wift 4^> 4xu t (T N - V) JSLiSJl jL*xa 

CiLjiISju] ^j\ju 4jLs JL^-i c^aJt Jio t jj -iiliul Sal* 

gjJtj t ijjt^h j*^£l la4 4*h 4j*<j) JLJULi 4-d£ 

. (TT-T Jlxi) >V* l*i> > 


^LaAJi JLc. liibu JlLJSri 

ubLJVi ftlilil 


L*_-4 JiLJSn J 1 V 1 > iijSL# 2u*>** (tr-T) JSLU* jui#* 

4 *LJL>}U 4JjL5 L 4 I 4 03 SL 4 J 



J > SLcj5 4^Jj «. 4^ut\i J^uxj 

•j^ju JLdJi Jjjb ftjyJoJt l^u^i .»> 

.• LiUl^» uVi JiLJSn ^5 


JjkU) 


O*' f- 


1 4juJ^™4*^h 4 jLx1)Lj 

































^1) ,(U-T jSLi) EndoscopesiuJoJt JL* 4..UI» 

J .111 4 ... J. 11 ■ - jjjl £U_i< ^ It -fc ' . - li J_5t! 1 I*)lll4th tlj>J 1>J _S ^Jbtlud US I 

jrjj^u. tj Ji 4 Vi I jc. <Luj|Slt JLiVL^ljV* ^Js (», 1 i . ._> l_4_S . j *1 f jjt 

.(to - r jsli) jiijVi > jLiy< 





fi jls*JL*L oLltf. 





































4u!a)I JK A i •« 



jlliUU i£ji\ Ju>3^ ij>— 



4aJ o'jLiy 1 Jll |»JL9UuiJ 4 aJ£**3 JllJl 








UL^i 


k 

> 




































w-j jlM *i ijJs 

l-kiIi *)ij_k 

£y» 4ijlA 4 .£} 4i % 4 JJL£) «• 1 j-JJl till^ t..m A f 
4*--»i.diih jy 4 j-u«V> ^>1 ^lll 4t'l^ u>l> JiLJSM 

ojUi ^-o' «ijJJi ioa ^<LVj tjJj. Ultraviolet 

^ _^ji j,v * (n-r j^i) 

.iiti-Ul 4i>J»l • Ct\j -- Aft 4 jl 1»>UJI jla^Vl 

.ul £y» 4_Jl J l_4 JS ^ . tlyll '■»_* j 




• 0>Ul i' ^Ji tllijJ^ 

__^ 


JbLJYI J^aj Ju£ 


Ji^ 3 li.tu* 4 ^jU I^jJijl>) Ja \jjIaj5 4 4Jk)>LA 4j>4ji UjjJ JLS tjj 

. ,%4^L3kJi 4 j}j ^jS^j Mi 4 ii$jJ * 4j^uMi cliijt tij L§1 . <Ij}j ^SLaj 4jli . 

£ljuUl jLuu 4 Jic iu-y^Lc. b»^-4 LjlJ>5 *j) J>S*4-j ilu£ ilLaJ* cjla ^3$ 

JilxfSn JSLaj JJLUjj . 1 ^ 444 .^ 1 4j)j 6JL* ^3 gjini 4 01 LuLfi 4 

iljJLisu 4jLi 4j}tJJt ^4 43^1 ^ frl.a A la 3 . 4 t» jlLc 4 ,/>$. lah 

. ubLJV( *?oA clilit (%£j ^-V» vJs^laJ' J^4 4lilla J 4 IS 0 giiLiDl 4 a JLL^ISjuJ 


3 w ^4*£Ljl} 1 j^JLxU LoLj 


42 ° ( 1 . 5 ) JfrlllO 6 jl ««£l| J^Ljl -4 £L^j Cgj 4 j^^- 3 *J t 4 jjIJJ| 

4-4jl *4 4 jmJLJLMj i *yj (90,45 ^ 45 ) dbljj jli 

JL# 4j^ 44 I 41 * s—jW* j4I) ^i i^JLAjlmU j^uol^ ljL4 s Jjk-4 ^ 4 ISO jl 90 jtjLA4J 4 tlj *4 

o».i a!» ^ ilrtli4 ^35 4-j^ * Jl ^,1 ^ ; 4Mj Periscope ^SLuyj^-Jt 

.(TV-T JSLi) Binoculars 













































^in Cim? 1 - * 

180 <■jL^l 4 



Jljull 


(dljl* jl) c v^UJ» ^.lll^ ^yA Jiiai) IjL^J j^l!» |*t JL£fcjL**t^ 

gLauuJt jl^-’^Ij Jl jjLJi Jy«$ . Ll£ L^ISjuI Allt ^js cV *SLjlLj t^aJt JV > ¥$l 

. 100% 4j*U£ jlu i£dJt jj-SlxJ 1 


JLi vLdbtj Vtc^i!’ ^£jl) <lJL»ii Jill * 4 jLjlL 5 I 4*£jj jjlLoj 11 £&u«Jt ^jJu a 1 Lil5 

JSL4J jSLJj 4 J^uull Jy* 5I JU£ JLaJu C£*ajt Jy§ 4 o»> 5) j) . J^Aul* *JL* 

Jii 3 jL«£.j< J^1jl4) ^jlAj cLUu 4ju« jjjfcj 5 I c^uaJl 4L# J>Jb ^jj< jdau-Jt iJrtiui 1^*1 Vi 

U> Jbj^lAj JU;^if) ChJ^jjSJl JLi ;L-£j* J^Ul 4 J *4 


; *_>!,—joins 


4 3 ^LaJ | ^3 Lcl^o JSLcj* (djtjjJ 1 ^jujuI) iLkjLLJ* fbSn ^ 43 jJL* 3^-4 Hi wjI 

^3 U£j (1TA-T JSbi) **111* Jni* olS >1 L 4 S ijU^Jl 3^ ^ 

Jui ^j-ulSLuyb »Vk Wi h dULu 4 f 4, a A ij^LL* • j^l-d y J^jfcJLJ ^jb^aJt 


• G-iTA-Y JSL 1 ) illl uJljLb jo jlLc 5 »*lli 

























































* ^JLj us: llaJk £JIA jm-Uj 3 


i-a-uoMi.k ^ULilcaJi 3j1jb> jUjjJ 3jt>^II ^LVI ^ 

jl iiiCj 1 kI_s^L4L_*_4 ij* 4*UX ^k ^isa . Ia^Iju 1 t^sl ^ ii_aLL? L^_i_aLt^ 1 ^ 

i*3 /j-4 1 J^luLO LxJ$_ni lc,1_fLji \i*X 7* I Jj dUiil . 1^ J V jH\ lilA3 Syt LlLlJ' vU> 4,1^ 
j^jtoSLu L^J-rU JiAii iL-iIl LJUTl ^ ^ iUti ^ v 4 4 -Ti A ii \ juc, ^LaUlJl 1 jla NJLa jAjU 

jIIjSL&a jUJu 4±L ^211 ^Ji 4 .~iitVl CJL& Jw* ^JLUul oUla .^jpuJ^ Jul 

^iuV Ujju^ci I L_i_3fcjL.4 1jb_u_4 1 iAVjL 4 :-4^1111,1 iZjlait^ sLj* ^UiAktl |_3 ' aj! 

.jLft i l ^ f Vi 5tA-k&all 4 1 iuitlj 5byjjl SyO yi lZ->U ll^tl irt <L^1j 

C JJ1 l£xM ^Jk k ^Jl Lu jVU ij,Uic4 il k l^ iUJS UuISjuI )> vUuiJl 

4j^Lt 4 a- i-j^j J iM ft} I JLAa . I jlt.*\> jj: JlTI fcl i I M*\ t <) Jk 41 Vi tl 4 4 3 Jj j 

, cU iifU& k j' 1 ^ (TA-f 




1 jlA jli 4 jjii* 11, ( X \ ) (ab) ^LxkJI Jl4 h| ii> ^> ni Irt*iiii> LoUul 

^juV.a.^ (XZ) <L>y * yk nj L _ 7 -i^>- (be) j'l^ulIi i. l>.:. 4 jjv/kiii ^ ^ 

,(r^-r) JSUJI ^ US (ed ) 4boV< JiVf i^>Jl 


l—<^-A I. i > 1 z ^ lii^ 11 t idi (l vli t aJ 1 l it i .i 11 * * i A ^j-4Jl 

L jXr ^11 /i«)* U sxu lIJJjJ a j^ „i_ij j , (XZ) ^llll Jlc ^jU*-V ^<h (X.V) 4^-jJI jU 

Ot L_flk^3tjV k 5b3 fc j 4uii 4 jUu4 

oc-j a 1 S^UJ‘ 4Jilj-f> iDeviation Angle Ual^iUVI 4*$\j 

ft La L^i _U^3 ^jLVJl ^LaZJl^ JkaLiJl 

4j^j^ 0^ Jl^Vl 4_^1 .1 if j!_r^C W" 1 a _mil 4_j$1j CajL_S J 

UjZj LjLa 4 A ©2 )i 4^2 i*-^ ^a^ii/iitl 

, Jb u OA-r) jSkiJi 


^1^1 ^JISJI UL^I 


tr 




























f. j) (rit t 





j^ iVk4 C^kJt jb*4 

a = (<(>|-ei)+ (02-<>2) 

a = (^| + 02>.( 0| + <|>2) 

ijLk Jl i ViLa c 3 b 4 2n bxce ^yLb^J* JfcAf* bt^j & + 7 * * A* ** 

uli dDi ^ 3. 180 ° fj+av bee ^1U> ( 180 “ - A“) ^ e SujtjJi 

(3 - 8) 


0 l+<> 2 = 180 *-( 180 “-A*) = A" 


. u» o*m (3 -8) aJjUXi > 

(3 - 9) 


a = (^| + ©2- A # 


^JLi A <U*lj 4j$»j ^5^3 ^yM 4j^tj Jrulj jjlA ^4$ 

. 01 4jj 1 j 

A i^fch 4j«)j jbjjJ v_4 \ 1 ^jjJL> Ja ♦ j^fcjV* 4j*tj <jt J)Lu \ *U r jSLcJ^ 

4jjtj bJ^U jjlju k Ja( j ;j • ^ M iub^Jb Js^-ju JnuL-4 jl^ J—ab 

.(y • - T) JSbU* US Sjjlj jbjj* £4 LdtjjJb jb^jV* ^ Ja» 

I bLLu] b^ 4 bj« LUx jSLcJ fulfill Jjb »3 ^3* 

<t>, =e 2 = 4. o 

«l“*2-«. 

• l*£ (3 - 9) 3 (3 - 8 ) jUiMxJ' ^»>rt *>3 



A = 20 o 

e = A 

0 2 

a o =20 o - A 

0 = A±A 

2 


1^14, 

1^43 


ULttll 












































n= sin<<> 


sin 0 


4 jl ^uj» Jl j^lLcl! jl. ««£>¥< J^L-jl-4 J» 


sin 

r» — _ 

a«+ A 


2 

sin 

A 

,2j 



^5 

0 . 0 . jrtjj « i> b 

■ 4AMjJ* Ja Jjjlu Js ' 

( 3 - 10 ) 


jjjyuilt jrul^i »»11 Ya Lkj j^/LaM JMi. fkul jL*ut jru*J i 4 d+f Aj^jhj 


i2b>lkll£tj4Vl 

. 3^LliAt4 • 4 Li 14 • • 60 4x»lj ijjlj 

t J-uJt 

(ab) tLai* j} Ail* julj> (%j * 4llU> 4 jjLcL 2 *t u\ > / iijj ^k jf-kl 1 

^ J>AU» w> .4 Uajl4 4jj‘ j>j lk5L* Led a. A JLcj 0 JLc MjL« 

4jLsLLl-V\j (cd) £jLidt l • AM JJL ^-5 4 JjLil* wLLsd* ^3 ^kjl (*j 4 4 m 

3j^ua jU 1 4 * 0 JLc ^Ufl) 43l-> a wit ^IAIf »3 3^L \^.4 *k>jl 4 ^v-juLjjlIIj 

kid 1 Ijl* Jl jlxj .3 43 L> 5 Gbt 4 ^ (cd) Iki- (*j . (ab) kskJt £ 1 juU» 

.J$Vi kid• 3;^> j<jU4i 

jl 444 4 JjfLi-* (be) (%j ill.lt jijt -T 
^J\ Ja (abed) zUlAH 

4l4lllut1 (cd) JjliJt c-Ijl^J* JL4 -T 

o^SLIi (ab) iAilkt ^1 1 illt jIjluiI Jilij 

Ja 1 jjxjVt 4j$tj 1 4^k> ij^uakL i ijjtJJ* 

,(t>- t jsLii) a 


•4* JAM'S jL~t*s 

jj^Ul j&y ^j>>a4 



j^IL« <j3 fcl*** jL-ui 


£$J&I ULaft 










































(J>2 !&} k I* 4j 0 j ji >¥< 4J5 'j 5 0 j j ^ N iUj’j ^j-Jb -t 

.a Jiijj^Vt 4j)tj5 0 2 £j>Ai 

« J3jl?» ^3 julUJt 445^3 vZjI>* 3 ac. J^jJl jjS -0 


V*'j 

a Jit^ivt 

«M'j 


V»0 

OjjL-SiV* 

*ii'j 

t>**J ^i'j 

A j j ■* - ^ * 








^LuuLa 1< nib juLLLb OC . A J^lLoo-S u-jli^gfcl (3 “ 9)j (3 — 8) i^ui^Lall 


1 I Aspersion c 1 


J^L*-4 jrtn-L) ^ a ,^1> ijL^JJi 3 Jk <jj ALnjbuJ* oj n nit lij*J 


n = 


sin 

a,H- A 

2 j 

sin 

A 

2 



• iS^bJ* SaL* jLutSLj* 




»*bl) ^ilj 4j}\j A 4A l ^ II) ^4 CX 0 i ji *«£>¥» ^4ljL4 fl wUL> 

4..*a3 ^3 ^hlju 4 m * < j jLa£jV< J^Ljl4 jaJu <jl Jmli-Ij La Lib iLjb j^HL< 4 j3<j JV i^L^ja 

Jnl 4 4 3jb^A-3 4A*iIl 4 jj*j 

Jai^_?tj^U ii<ih 4jb^JJt 4,n a 5 jL-^lSaV’ 

^ic. Lai 3 b n jLJLVl J^\jl4 JV s jl**j* 

Jai}H Jfi‘ ^jku%)\ 4jL$Ui 4j3<j JLi 

•o^*’ oitlAjjaj 

JjlVli jk <^U> 4-4 3^- .ritljj. til jJJjj 

oV 4 ^jJl44xII ijLfii' £*»} Ll^-4 

o’>—I* jj—4—y « V i l 1 <j4 £jL_A* «$—a-J' 

.(TT - T) JSA1* US 4^5jjl1* A*LJ| 


-J« 



> a*U! 1 


**nbl< c^-LxJ* 4 > AI wCU—•j JSLU* J-4 4 

0^3 G-tf lAjl 4 M < v'»t J^Lsl 4 ) 4 jlLL¥* jjl? J^Sa 






















































V ItjLuiSLj) J^Lla) Ul>5fejj 4 jlAV' Jftl J$£j ^4^V< 4JLtll 

-i(AjjL£.La jfilUl j JyO wxAj>Ub c^aJl I 4 J) j^uiL ^jji 

.^y am4ju!i - ^.LUt -JjjSm “ - /LuaV' - 


^ Am A ^Jl j .** * 1, 1 


3 jlc j^Lsfcju V ^iii^ 4^)j 4jjtj ML# jLs^JJt AI 4 j£. 3 jLlc 

• 4ftMalt Ja s s***} j^lUi ftftt* jL*£j) J 4 U 4 Jl ^1 Jb»^xjMJ jjjunl' 4jL^J< £*•$ UjIj 

•_ | «d«-A| 


n = 


1 2 


A 


sin 




2 



-4 *49*jJ* V^-Jr 


W'ij, 


T ^ 


CM- A 


oV >jL^i 


• oj£j <iLfj ^Jk .f . j^jljJl ^jjloULi <u»j| 


sin 


sin 


• a rff A 


•<**♦- a| 

2 | 

” 

2 ) 


-A 

“ 2 


JJaSj 


jrjjjj j j ■ * • 1 * S^L* jl -CM J^U_4 jl _Ls*j iajl - -It ^js ( 4^if Q''!} *'^.'i 

< <UjV* 4l)U]l j4 

(3-11) 


_ _ cto+A 

n —fiT 



a Q = A (n -1) 

(3-12) 


l)is 

pcrsive INmer ^ijlH Jm^JiUi 


. 4 ftj^JLll L la^L-kh Jl ' JLft J^lluL* JuiL 

. 4 ^- 3 ! 1 JaMl>y Ijlu jL^SLjVt JaI jla 

(a 0 ) r = A(n f -l) 

(tt 0 )b = A (n b -1) 

J 4 L &4 n b i ^i>vi 1 I 1 II 4jjL* jLuiSjI J^ii 4 n r 4 a a 11 ^Ij 4jjtj A du> 

♦ JjjV* C^4>llt AjjU jLn&jl 
























































C J) I I 


(a c )b - (a ut,- = A (n b - np 


(3jjVI ij^.LjCilJ k ^nj jjT * I U 1 4 I44»1 L* JjuiJ 

4jj|tj ^jaSo (^ 3ji jVI$ j_*r*Vl ijnj^JLf* Li.., j-L> ^jJ*) j.i m 1 ^ C4_uali 

(3 -14) 

(a [^)^J k (<X n )|- i a j i A (C£|"|)y S » |K C-Jp^jj Ji^k*** W^U J,L-k£jl □ \ * 


(«o)y = A (n, -1) 


n. 


b J 


n 


n v oli 


%= 


(aJb-(a^)r 

(A«)y 


n b' n r 



t ^jii 4.i i artlLj^ 


(3 - 15) 


ijjkj U5$Ii V US ^.j. k Dispersive Power <^jjiJi ! $j>ilJ | 3^1 co u 
































*C jplaJI jjoilSjU* Li^'lS • 
^kulSLauV 1 4j$>j ■ la 2 »i h ibcilj 0 ) 

•t t-k .* 1 1 w 1^. la ^ a^4*I1 j c *i*Ul ^,j 4^-aJ 1 fbuU 1 ^ 1 a&LuJ| ^^ilaJl j-la-U^ (T) 

.^j^lail jrln >.ih ^1^ ^^4-4^- JLr^13 ^ifl L^jlm-^ tJLj ^-uAaJI 

c^dlaJl ubMI^-1 j>' la-i-j ^1 Ja-w & ^ 4JLHi1 Jiic, *jLUd* .jbul ^ *$ulaJl joa> • 

9 ^pL Ll d;Lu*SL >1 <• 4 *l~li) * ^ ’ Jj>^ niaJ* Vj ^ulC^suj ^yC t-\ . V^ 

^JlU 1 ia-oi_jJl ^ ^LmSjVl <Vji) s-axJ" ^1 JftS'1 ^a Jajit <./> 3 jalj uo_> <uc^.j 0) 

iajuijJ 1 J$V1 -la^juj^* Jy4 ^1 iuiTl jL-u£yy* J.4l_3L4 ^y^uij) t SI^LS 4g.i.uJ 

1II2 Jw^^Jb Cx-jliJ^ 

sin 6 

in2 -s? 

.J»\ll\ l"ki j4JI ^ jLu&jtf' ij^j 6 i JjiV‘ <Vi >.1 ^ ij^j 0 -L^ 

^JLl ^ 4;--iiV) ^ >Laij J> j^La^U' q w h, i '-^ ^ *U <«Tl (Y ) 

,JjyaLlJt jLa—J1 ^pic Jl^- 1 4 .'JydnA ^ l^ju-4-f^ £4J J^ulN jla-uJI 

^j! V| ^ llall 4 £Lj^_L 3 1 tu\ ^A ^ilill t^mjjl ^yll JiVI t^\ ^ lljJ 1 /yd jl J.«L*_>d • 

s ^ ,^-jLli 1 Irt mjJ 1 ^ V 2 ii<-j-uaJ1 icjhj-M ^J JlaVl 


V, 


I n 2 ” 


, < n ji Lrj LbT ^c4uJ 1 jLu«SjV1 /l 4 L*_l ' OJi^juS 1 <?JLfej< 

: tf^ 4rf I \ J LuaSu V 1 ^d'|JLd • 


n = 


v 


. .t**iijtl h 4 £.^j_o 4_ll^s ^a ^ 

laj 4l .•«11 IeXiaijJ jyLLs-ll ;L-a£i^f 1 J/dLft-4 u^id L> I ij^aju^ 1 ;J 411 f Jj-4-j 0_^'ud • 

4j^Ij i •> jl_> laiiijj ^Itat 1 jLmCiV 1 L_a_4 ^ 3 !_i_aj la_^ 4 ^tl 4 j^1j t< ii> 

.jL^yi 

rijsiri(f) = n 2 sin0 





























£, A .-AT I 


wJtdUJ JLU AjjwJcJ aI JruLuli-4 ) ££xJl ri > L£jtxi ULLi LTUJ-Lfc J,'] ,jru 4*3 lUj 

XR -* iiWI £> 

Av = —— 


V_JJL^J 1 (Jl i 4 I . 1 J-jl_3tJl £JfO 4-9 { /.-it 1 Ti L» T (J[^3 i_!Lli_5" 

, 4 jKaAf> JrU d 4 j.^Tl Jjr-Lstefrlg 

jLuiSu 1 4 j^j L^JuLflj ^jjcois iisliS '^ >»$JE ^ J^jSfu ijalj a • 

90 L*>j^ jlL* iij : y^ iaLlS JliiVI 1 a ^ jJI 

^_wp ^jiiiH jLdiil JLuC. 4l \±*1 k Aj j«ijw k ■ ** y f q -^o iiiij 1^ t*<i,1 jl i »V1 ^4Lsl4 • 

j) F 4_r^| ^ >. kA 


11 = 


1 


sin A 


\ * ^ dl lj i^> dL 9 L_lS 1 *\ 2 ^^ll ^ ^ * -^jl x? J a Aj a I J * 1—4 > i*iT I ^ I 1 m K* A I % 

JLlC l> *SLjuj LfljJj! A-LJ 3 -J 3 A_^ULS J-iVI ^JJ JuLu V c -1 in 1 1 4jjlJJl 

.US Ul&ul glr^JI 

. JSJI ^u-^juY^ jXr juuj Sjwa'lLa «_j‘ j-Ul A 

A = 0] 4* 02 j * I,I 4j$1j • 

£jLi*J I j. L^£iLl-J‘ Jl-L< 1 jKJ 3jjfr I.^ tl 1 SjLsJl Aj^JJ* O. jV> Aj q’j A 

1 ^_4 

a = (0 4 4 0 2 ) - A 

r Jj /l. 4 t 1 4j^1 ) A i: 44* t I 3^*1^ 0|WiA^“ 

1 4J_^2 j ^^JUs±J l AjL^IJI *j-c» A • 

♦l= 9 2-°<l 
6 I =*2 - e 0 




























t (jj* i jLuiSj' 


n 


sin 

a 0 + A 

2 ) 

si n 

f A' 

[ 2 J 



j Ai. i * J ^ b Jul^jjl 4Jj|'j OC()( jLuiSti^S* ^.c 1_JLJ I) 


* 1 * 11 i t * 


, J.J r*.'i',! ^ i_i1j^ijVl JnJUJ • 

<x,, = A (n -1) 


JtjLi •'**^„ l Jj k^_^f t 1 1 ® 

(u 0 )b - (<*«)r 


.C-[j*A3t}\ dJLui'Sf’ iJslj^ut 4j*lj (C(n)r < tlijjJ 1 4JLuiV 1 iJsl_vStj' AjVj (CX,;, 

) ^ C0 a *J* • 


0 ), 


a 


(« Jb" («..)r 


(«<»)>■ 


C 0 U _ 11 t> ' 11 I' 

n , - 1 

jLwSL>l -jjt Tl b >iwu 

. jj+3-V 1 J]^l? 5-iLfl ^Luiijk J^La. 4 ll r 

^^• •*^1 (jili 1 jLuiSljl fly 



































J Lit! 3(11^1 sVy 
^jlj Jjall l>SLaJ ijU Jui** ” N 
.•a^i^lil 4j_w2feJ j^vA 1 "V 

. I i !jS^ 3 "u& ild ■ T 

i LJtj 

k ijAlJJ k ~ ( jJIai,k jL*-uSLjV> J^Ll* " jn^ i» » u >m<^ jL«^uV k 

.liljAiVi 4 j«I j “ 

i-JCUt ljIjLaJI w l+£l jQJLj 

.. 4i_Mii k Vqjji ^yuLl Jy* JrJ-yJ ULa .jrUJ-Lfc jnu A^LojJJ ^^tuuj (1) 

...>* (<-j) 

. jriAU J*£l* *3 ^1jJ fc £L3uV k (-^) 

.. U iijU Jjj3j 3)S (j) 

Jwp^aJi VI f*l*] (\) Suite t-iia tUjlj 

i ^y*£3_LJ l_4i_lix: (N) 

.^ISaiVI 4j ftl j Jyfl ^i.Sl ^3j^ia ^ n * > 4j^I j (• i) ^K^Vl 4j$1j ^yi /litI 4 j jl j (<) 

.4t^jl?e-ud 4jL>' JL^JJ V (j) ^ISLajVI ■ -La^i^ll 4 j$Ij (^) 

sin (b 

.(jL-mSjVI SjaIj 0 . 4j4*j O ») „ ^u-i-uU 1 t Lowkie. (V ) 

sin 9 * 

. i«■ 3 J1 JjJ^l 4 u1j juljL (u) 4 juLj 4i i.*> (I) 

Uib £_^is\}\ jl^I^J' j*S <lotS jl jlL* (>) 

*l«jb tl JL^-I^jl ^y4 Jil C^13 jlj3-4 (3) 

^iULh ^ jLl«£jV> 4 *aI j J 3 V* iau**Jl ^ sL^ii «»Ji 4 ^ 1 } *-*-*3 (T) 

*J$Vl ia-ujji! jLauSjV 1 (i) 





































> 


< 










^ ■ ■ J l ^ ,jJiAl,l J I— V l 'iJLJ (u) 
.^tjVl ...jit < _ 7 J1 ^,'lUI tl ,/^tl Jy* i ■•■’■ N jLu^LlV! ^l^bt-X. Of) 
.jjjLUl .tl injJ 1 jJjVI .Pi mjJ* ijJ» ;_,i mltl jLuiSjVl O) 


sin 4> 2 
sin 0i 


i^aLuj | iSfi (i j 


O) 


n,n 2 Of) 


n 1 


M 


n 


-s- 0) 


n 


Sy> di Ki*j!/U »..-■> Ti 4 jI^J 1 j jj ■'■■' « jjLo jl—djl JuLjl 4 ^njuj ( 2 ) 


n = 


sin 

C£ crh A 


2 


, 


Ot 0 


sin 

, 2 



(-) 


n = J55^" (i) 


sin A 


Sltl 


«<i+ A 


ii = 


sin A 


O) 


n = 


. a<i+ A 
w " (— 2 ~ 1 

. .A, 

s.n( T ) 


tr) 


t iLAMj-f 1 jjiVill ^3 i_9ljk5tjV> ^jojlIj (1) 

a 0 = A (n + 1) = (_»-) n = A (a 0 -1) ( v ) n 0 - n (A - 1) 0) 

a«= A (n -1) 0) 

4j*lj* 60 ^ Aj« k j wjL^ bLa ~ } wt-j J'^ aj> • ■■ ,_Jb. ^ - "j £LlA (V ) 

yyiULIl Pi . .ijtl Pi . "jit I uV 4 ^.t,«u,lll jl t S SVI J.4lfL4 ^li 30 jLuiSLiVl 

20) ^2 (-r) y M 0) 

J*cLiL4a •t'lT'JJI lJ -« u^L daL-uj-< 4 ^*^ j_p-1 48,5 Irirt i.ij £Lx*i (A) 

i d^LcuSl^ Sjj'j 1,5 dG^U jlu^SGl 

40 v O) 35 v <» 30 M 20 (1) 

ijftlpl fl. 1 A i A ^,*5^ iil Jj). ^3 1_3 1 1 4j 1 I 4 • jj 3j^_iej ^3 (S) 

t aa 4jjU jLcAjI JVuh jjlj 58.8° j j/1.»t> ^ij 4j^ k j sULS IjL^ 48.2 
1.85 (j) 1.82 (_ r ) 1.63 ( v ) 1.5(1) 


UL^I *bj^i 


tL 


































I J f \ jUl** 45 <U-ijuJb 1^ «M4iV^3feJl Llji^ 1!i| 0 •) 

1.7 (_?-) 2( v ) 1-64 0) 

<_al^-3fejl I .6 4j.iL* jLijiSjI JUoi_JL_4^ 5 4 _j_u1j ij^lj Jp* ^i-6j J£-Allj* 0 \ ) 

t l:7 A 4 _l 4 I 1 

3*W 8'(- r ) 6'M .vo) 

8° <L_Jj Aj^Vj lili 4° 4 klc, 4^51 /ntl 2n_£VI jj) *»\ a 0 V) 

i 4 jjL* jLt-uSLil ij'ji 

1.6 CO 1.33 (^r) 1.4 (v) 1.5 0) 



olo'i m o II (Laj±LoJI 


lWI *b^udt 

















&SUI pljtl Jflly- tuJIrfll Jtfdll 

jjiiii ja\& t jji jii j^i 



























































5 JL> ^ ’ 


HM' 

<uSL*Jtjil^l Jflf^ 


- 


iLjjLJI iia&$JI 


illiJI J-^ill 



^ £jl>tl J*JL-13 oJLJU^ *^IjLujyi Jk. 1*3jjLi >jl«J 3 ^ ^ u! 

Ltiij . Ul ^iVI 4 J ^ ami l^olili ^3 JolcIj tLtjUJl |j) . ijjUJU iliL-yJt 

iLUIl AJuU^jVi )u7i vlLJj ^Lc .3 . Ljj-ij l^klr tiiui ^aLoj 

Jjl>- Ji-13 CitvUJt o' oi-^ oi«* i%«- o' US .Incompressible ialiL^i^U 

. 4jJa JLr^^j 


iDensity AiuiSJt 


y ^11 0Jj>-j 4ir^> i Ji j * *J >P L^J >—. >jq .3jL. 4 i <>Lutl 4 jl^L> 

kg/rn-^ yllaifl 



•^Jb U, ; irtif J>4 iiLXJ' ^3 ^iiUl sj*i 

4 ^* ^ 

.O0j>sJI jl Jif iuuxjt 4^Ludt Ji^Vl -X 

i-ilSJ' Citi Jjt^_uJt 3^s $JiLaj 5^ >4 ^ 1 1> iiLSJt *I»*i yLi^-Vl jt i_aHI jls j 


•>f^' 


i4i*il <11 * 3JU AiLlSJ ilL»l JjjlsJ < 















































«U£LuJt 






3 JL>»jll 


iiUU' 

kg/m 3 

fclli 

iiUSJi 

kg/m 3 

mUi 

820 

»*—i.«P' 



13600 


2700 


1260 


8600 

>-»Sn ^UJJi 

1000 


8890 

>o>Sm 



2600 

^jUJt £bvJl 


> ^itjUJI 

19300 


1.29 

«'*J' 

910 

(ji^*) JuUIl 

0.76 

jiLUl jU. 

7900 


1.96 


11400 

jJl 

1.25 

jUm^) Jjl 

21400 

^uMJt 

0.18 


7830 


0.090 


1600 

jSLJl 

1.25 


1800 

«4l*»ll 

1.43 







1 Jjt>-JI 



790 

j^y 



900 




1040 

f jJl 



690 



i-iLiSLI< (%+m\ iy 1 ^j^Ju ^pi ell* 4J&LLS ^Jj Li 3 jL# 4J5LLS 4 * **» ^JLc ^lLvja 


iiuu 3 jiS jU* iiliS 
3 ji‘ c >^u ^is «llt iiliS 


3jL 4ajujuJ^ 4fil2SJLd 


.3jL 1) 4u^Ili 


(4-2) 


t <L«k iLihaJj 

ij*^p- 4*->i cri fclit k> **** (*«■ ^ . „ . .. .. .„. 

■ * J^Ll 4ti .mi l 4 aLlSL1^ 

^-Ju tU' J^i 1 ^v-JL illS 

4-&IISH <j$S>j V *a^J * JjulSl4<i JaxjucS Jaj 4*iii w jb 5 jLL 4u «>lh iiLISLh Jv t 

. jjUuiJ ili*JL*-J djLiU 4i;^ill 


: iJaLLSLM L^LLoJLLj 


L^jJ %La> i4a1aU, 1H iZiLli *)* ^ i y$ jk 4«> *> , jjoS 4 ia a i 4 J ifeUSLIt ^Li -) 

i^jj^SLh il^A?i ^ L# juiLft .3 jL.aaiI< ijjULxu ^plJjjJSLJV* JjJbtl t ialiS ^Li ^ ^JklyJ 
w >>14» ^Iaa. 1 4AaJL) i(uldicj« ilixAj^xS J<X4>) IS iy< J^istl 1 ifillS Jil ijjlLuJt J^i 

ijjlUJt 3 jLcJ jlLcj . joLa j sIjLIj^LS u 4L.L2J ^^5 dLxju^-jSJi 



olo'i mo II qoi 1 lo^l l 


£j2lttl 4jJ&! UL^I ^L Lcill 









































2U&LuJt £jl 






2 LuIj)I SJLv^ll 


J>SLtJ dU jl» 4 .iiUSJi 3^-4 J^IjmU i^»Ls vlilL^SJi jj^Jj 

.4jjULa-J* A jjl4 JVjlL^V 1 iiLlSJt Jv 4 

. Jj~J*j fjJ* 3JbLJL£ ^jh-Ll-U 4a.aLiJ< ^^1jlJ< 4JaUSJ» tLLL^Jaj -L^l- f»k.f».It/i - V 

Jj <3\Ja 4 1060 kg/m 3 ^Jj 1040 kg/m 3 jpu L 4 3 . • & ^jJi ijsLSjs 

.fjJt b^L3* >uS^j ^JLl Jjjj Jj 4 Jjjj w -r^» <ij5 4«itj fjJl LjMJ* o* o^- 

»(lx4iiVt) ^jJ 1 jii ,jJj ^3 

j*>3) SbI^j .jL^Jua ♦ 1020 kg/m 3 ^ J>-JJ 3 jL1jlJU ^lbU5J‘$ 

. J>J* iiliS ^,3 41 ALa 2b1^j » jl*$ *£^UVt 




(P) U%^a f t JUa (A) 42>L» 4 jLa-u*. ^JLc (F) 3^2 *Zjjj\ til jlUjJ . 4Lx 31M dULu 


• s %a ^julaJ Ijlb ^Ll 





s _ r lll •££/!* >111^ 5 jjlL4 (A) 4_>LuJ,U uUj jj.ui 4 (F) 5^11' JV 1 i^Lijj 

.(N/m 2 ) jIaI JjfcU I rtis h Ifj ^lij 








Oji «..-» . ..I,it. 1 ,_.«SLJ' 4J-Ll4 JV .^JsjV' ^lc. JoJJ' f»ji 

•0-t JSL1)4 jUU 







































«U£LuJt £jljll 


lULjJI J 




iLuUIl 3JL*$II 


t Lufij ^JLwu L) 4 lV> i) . x \ * ja 1 * 


^)| JiUjJ ^aUJl 4 ji AM 4 X jj |%J cU» ^v 4 4 tlnfl 4 4 l ^ ♦ 4 1 

d^SJ* ^Jj 3$Ju 5 j^4Jl1’ w *jlLlP 4aIrfcS *Jb ju cli* jub^j * jufe j 4 4 juG S^a *Ul jia-L* 

. 4ilnA f l ^1^. c LX 1 liiu4 JyC. l*luj 



JjL» J>-b IojuaJi 

Jita-u. ^JLl Lp^»r. JjL- 1i (1 ) 

A*b. aIiaj j£ Jlic. j^ii 4 0 i-c j^J iniubh (*-j) 

JjL-Ji Ja gUii ^Jk. Iftiiall b*L<*« JjSb {%*»>> - - ^pk. bJubJ' (j) 

AlSbi jJmJlu * 4 1 «L ^4 

• Axle. JjLuJt 4 xLi Xiiub5 JSLuJi oji aJ* JJJu JjLuJ* (j) 

jLa-^ ^k- S^lft *jbtj ^ . 4?btJ* b 1 liabih <jl jSLo * JjL* Jlab aIxjj ^ ,U£ $ 

Ja (Ct> ^k 4 *«b> 4 -a La (%x«u^ ^Jk k**bih 4 j$Sb« . jlLl 4-J» v _ r k bj^*r JjSb Jojla 

.Jbji A *k { % 1 JlS-4 Ja«Lj JjLi-J< J\ ^ .4jISLa yl ' t-tb^j (%! $J JiLuJ* 

.(T-t JSbl) U;^>!i a»j JikJl ^ajC Jlj us 3 >4xk Jax^I » JjLuJt U**b3 JbuiV 4 jj3 


































In w\h j JjLjJ' .alj Ui£ 


(h)m 3 a ^ (A)m 2 aJL^I. w «* r$J ^ ^ 3 »^Juiu (P) ^ f*^ ^ 

j^ 4 t) dJULli^£$L 1 i *jla J41J i(t“t) JSLilit p(kg/m^) <IaLl^ ^jL^i ^ lfi<w % 




(X) £^Ut ^3^ JSL-juJi ^ill 3 $— 3 J' ol wlljju 3I IIu SL +j 

jSf 4(A) 4 , alai 4 4 _>l 11 (h) 4 _cLijjt JjLuJ* 34 4, £ 3 jj ^“> 

3^ 4_*jli)t 3 >AJ» 3li 4 Incompressible JAi ^x£ 

.(h) A^LcLJjt ^£jJ< 3^X4^!* C. 333 V* 33 aJ 3^ JjL-iJt Lnil 3 > 


4 Ahp ^$LuJ JSLuJ* iil£$ Ah J^LuJt ♦ jut 3' ^ 4^5 



JjLaaIi 3^ ±y+*- IojL^ LjLk> 


,> oi F g ojj ul* 

F g = Ahpg 


.JujjbJ* ibtc. > _ r A g(m/s 2 ) 


1 isM*]' (X) £$U' ^ic. P JjLaJl U Jojuj ju-uc. 
_F Ah££ 

K X A 


.-. P = hpg N/m 2 


(4-4) 


. h j«f ^JLc AlLab ^yi 4 !r>ii 1 JLt£. tf-Lr*-. JjI—uJ 1 <j j ^jjt U. ■!■•> t' ^ djAj 























































«U£LuJt £jljll 


lULjJI J 




iLoUJI 3 jL*$II 


Jil* uiM Jlfl . P a ' In* ^>11 jtajjLjJ w waJLitJ' JjLuJt ^tL~>.. jl » if y* ^Js Ujl> 1 tjlj 

i 4iMaJl JjL« Jlab dLxoj JU£. < _ r tSL} 1 

(4-5) 


P =P a + H p g 


jj_4_C <JtloU ^JS 4ka*L> JUl£> P Jjl ml* Iflk.J* jl «Zl>JL*l—ill' 

■ 1 c JjUJt 4dU^ 3 j Li i&juaJi Lc^ ^jLuJ* /.jtj (H) '.Tt 



J jinl 1 «Ui 

iajliL-I' ^ 


■ L» J>JuL J' j£-+i ^J 


^ia> J >i.. < ^4 JA» Ixilf* «JL*J>- - \ 


■ U.^h ^ t*J JjL. 

«»>j*Vt jjuLL* eU| bt-o ^jj« J^LuJl -t 

«ju* Connecting Vessels (<i JaI ..!» 

t<j ■* ■ l^J ^ i... i'.^Ii u tK Avi . 11 ^jj * jtjLdit ^-■■>■' 

.(0 - t J£^) 0 '*L~* ^ «UVt Sj£.ti o& o‘ 


jt 9 * > I* JSL1 jl_*-1j j ^ »I< *y*.- _j) ’■■■■« JLa » 


U> Za f I 4j*LCli JLuJl slL^- -T 




• O-t JSLil) ^JlM Sjl^j JU£. Jt/JlLt 



jIc. Lia^lt \C*a« ^ 5 »Unit -ic.**i 




































«U£LuJf £jl^Xl ji* 


rJBi 




'iLuUJl SJL^^l! 


■u* 4 j^ojI ^ 


• «Ul 4**ill4 414^ ^1^ j^*AJ U Jl^> JSuj lk>r i^. jJLlJLj uJ^J 4j^iji JL^UJ 


JttcLiui J-k-aJ * j a* fi ll jiil* * 4j£ajSn JLr*^ slkjjjt Jj.4 4.1^ ^ i a kil n ) 

clli jiJ AD h 0 4xUujl j^llj , C JLh£. 4 ^^Luk4 ^Jj klij^jl 

4 AD Jry-5y< Jru J-^ Li i >■ i till!* J^S-j Jj JL^J>_Lcj V sl*jjJU ell* <jl iLk^M -4 

.(V-t JSLA) h w 4-fc AD ^^i**!* £bujt j£xJ$ 




^fJdUjLuJl 4_J ^ J 


D JLuC iaJulaJ’ - A JLlC. JajLaJl JV 

•'• P a + Pog h o = P a + Pw8 h w 

iiULS p w , Ojpl i_#LLSp o . laJu^Jt P # *1^ 

.«u» 


h oPo = h wPw 

1 0 J^. 1 ajLa“J^SLcj 4ajL-*J^ 


Pq _ 

h O 


(4 - 6 ) 


. LlUjc 4 Ux^J» iiUSLh JvJJjl) JSmcj h w 4 h Q ^Uojj 

. J-ojJ* iibliS 43 y JL 4 J)SuCJ clL* 43 \jlS 4 ^ 4 ^Jjl^jii 


r Atmospheric Pressure 


jl ±\ ildL3> jJLijjLJt £^JL^b Torcelli fti u% ^ixi) 

.j^oj ^b |%J i^AjJJb ULo l*^U$ 4 jl* 4j>u^ 

4J **?> £Li 3 jjt> J\S Al Jk% 4 4I>4 ^4 V)j JL3 4 j^ 4 jV< ^3 Jl 


.lo^ 0.76 m 


4 > k> VI) Ltj-i_4 *#>}&♦ ^ J*j))I jIa- 3>j O* 


.^Jbuij^j £•J-4 (*A>W 1 h ,». . i j (4tniJ> JUAJ JS-4J ^jjl jIAj 





































«L&LuJt £jljll 


initial! J uahU 


an'-M' 


iLotfJI aJLfcjll 





, // • 

11 m 

J**-***- 

i All 




^LijjUJi Juj piL V ji*>iU.' ^ jilpl £liu j* 


It 


1 


fcL£jV> J* (A-t) JSLDi > 

3>j 4j>-»jvt J»>*j -> j> * «? h o—'jJ< 

jjjjJJ ^aIIAIi jtta-uJt 
kJs 3 4 j^_kjVI ■'■'•> ^ »*3 • ■ . L_Lilj Jliu 

ji 4 ^-*j 

j^ii.4 ^ B, A j^juLaiJi U_l»-' 1 j] » 

0>C .(* -t JSLi) a_^i3 cr i_i> 

^J^jl ^t->. - jlLc. Aj^—ljV* £jL_>- A 4La_aJ' 
jli B 4 lW*. >>»!) 

A tir • iU ? I ■ 3 ll^ La • -a ? t 

i tiDa*j 

(4-7) 


P a = Pg h 


IaxuJi j^A jjlxJ* 


Ilk 4^k h Ilk 4^1,1 ♦ Jl ♦ JLA i^llk—4 

(0.76 m <4 C.UlJj» ^u)Ji 

4—j^Lu) JLuC.) ££>-4 ^ A. 4 J 4 alia 4 4—^1 45 

0.76 m Hg ij n ih ^Li *« jlLc. Ll*UL« ct^Jt Ink *\l > 1 * » Lik Jnh 

jjS >±3 kO°C 3j1 ir^pj 0.76mHg lajLuaJt 4 jL S.T.P 3j>I nwil* Jjljl 4 USpuj 

.vlltjLkJt 4 jJ\jL4 JLlC. t^JuS jlLa-uaJj tJL* 

4 ji J-> jvt kjuSLgJ * 41 ^, 4:5 13595 kg/m 3 j*[. *«"> 0 C ju^. kJbLLS jv *jikj$ 

Jli 9.8 m/s 2 

P a = 1 Atm = 0.76 x 13595 x 9.81 
= 1.013 x 10 5 N/m 2 




















































j 










iLutfll 3Jk».yi 


r 


K. 


<U_>t*U»^ 1*4 


■ 


S^jVI jtl^u.>c ^LijjVI 



JpVU £\a*J 


^ 4f J)JA ^Jb * I^JuLaJ' 

.cjL >1 ^>jSm 

Ijla f LJljj* Jfl w vdjV® ^ w *£- Lj^Juj® 
JpV® aLLs jlula U«^li ^JLLJb$ 

Vk4 Li h u ^>jUJl AaJi—uaJ* 
iaiLaJ® Jaj L* jLl jJJJl! .(* a * ^JL^ijJ® 

jj ijjVt 4UL^ JkJ^JhJ ^JLuJ ® 

>^jl Tfcl? >LJi i ^ » tJu ^i^jJ® L*k k Lit® 

^3 («£■?» I)b Ui «JL* 4Jjl,m.4 

1 a*\ 3 Li 4 a <4 C 

JL-JLJ® <-^1-45 *JLJb Eustachian Tube 


-**XJ 


0 ~r 


• 0 - t JSLL)J 


3 ^l ^L>iu.aJ * L^j Llj ^LJ® Li® JLv ® 


fUaJJl U«.U ft L$j j_p.Laj ^U* Jj'-u-^Jt (j) 4<iili.ti J 4 gualj 

.N/m 2 u«.:-«ti O'ju*-} >4..^'1 ^ 
• (N/m ) (^iSoJ ^tic... 11 > i. jloJ^ 

1 Pascal = 1 N/m 2 

Pa = 1.013 x 10 5 Pascal ilUl< j**J> hi^n 
1 Bar = 10 5 Pascal (10 5 N/m 2 ) "jb" ^ Sa>$ ^»os«jt US 

Pa = 1.013 Bar jIUIi J& ^SUb, 

.Ton jjj LUji w - ■ -~'« Jj*Jj jJuL*iU« Sjl?-^j iajUaJi w v*Lii Jjc. ^UajJ <Ia 

1 Torr = 1 mm Hg 

1 i££ 4 *h u «.: *» 1 1 dJjJ* 

P, (1 Atm) = 760 Torr = 760 mm Hg = 0.76 m Hg = 1.013 Bar 









































A 

«U£LuJt £jljll 



J uahU 


2 -">-t' 


iLotfJI aJ^j3\ 



J^Jk ^jll» 


JSL* auS ^JLc U cij^ JSLi ^JLi jiiumA CjG ij^xji J*. 3 jLuc. Manometer 

Jl 5 dJjJ 4^Juu« .4lajtuo J»^1* jUt!< <llu>A ^JL^J JkU »4dj^Jt4 4-IislJS t-A*«lx4 

.^^Sfl ^3 ^ol*JL»U‘ o3 ^l4>ill< ^3 JjLuJI JtLx^ 

OiSjO u-t JSLi) JSLJi^-Jb^ B,A fcij 

P = P fl 4* pgh A JLlC. JdAiidJ 1 ■ B Ju£ ]^JLul]l 




Ja jj£' }liJi 
* IaJuoJi Jj Jit }UJ< 


0 ) 


ofii Ualt (>) 
o£i Ujuc. (wi) 


If-k 4.^-> pgh tfJfSIl}) U «■'.-» M P a ^Wi > jlih U«..-> P . *’.l'*- 

iJLy* ^£) . P a 5 P Jru •kuL-aJ 1 jy! tii B j-L»$jL*l! j^aJL-sJ* ^_S JiLuJl 

. jy* (- " -t JS-1) ^>sJt > J5» P jUK laiJ, til 

P = P.Pgh 

f^jlJ* ^ JjLh h <i J 4 ^Ll^jLiil I ^ Jil nJl ^Llia J^J i\i > 

.^J^Luaib Ji^ll* 

LcjJj jlill jiiui jj-.Ul 5 bjjjywd J3S0 V 4 jJUjl?< J^LajuL^oJ' Ja jJjS ^33 

l\4fl JojuaJt JUiLl wV 4 J 3 S 0 

(4-8) 

Jjlj h £buj¥t 4 jjl 4 ^jIIi p JjLuJt 43 U£ a±jjla j jSLo iiMaJi aa 3 

.A P U«^h ^ u^Lt^ g 4Jl> jbfcJ* iJbtc. «lDj^3 .4 a1*jlA ^3 JjL.mI1 

1 lajuaJl 43^iii jliJ 1 liiu^ wjLul** JSLcJ LajU 


» 

A P = P - P a = pgh 















































aUSLuJI £jl 







iLutfll 5Jk».yi 


:»L*k t*n)< J 


^ojU 4 Lv* jMLjt ^ Ah J ^4 ,UI 4 fllaj J^LS- giirt.j .^J JiL— fjJl -) 

. IjjL& bLijji jjSj U ”3 j\x,” |>jJi uLijjtj .» * La IT 


tJLA J.X i %}3 * b^-> ^ 4 4jUfi l i^U^A ^ fjjl u-jLx-uJ< JjLA- 4 JLS tjJ Li l 

t(5 5 JU£. »juikkh <£.[+.*„ Ja tjL^j ^L^Y‘ ^43 . Lu^jja ^ 

i ijLutxd - 3 ^Lc- JLl^- .fjJt ^Li jllC JjJl'xj *Jla^ .^jb^uU' 

icJs ^a 51 jb^uUij J^SLj <ui 3 4 Systolic Pressure ^UiiY* InwiU 

^Jj Left Ventricle ^yjVt w n In *! t w v* ^jl!( juj^ 4l*n c ^ ^ i^ ^ > Lajlc. lIijl^ji . 4 J 

.OruljAJi vIJUa Ja$ * Aorta G*jSm) JL»j$Vi 
L* J51 jb^AJb f jJi Inm 4 ^ Ji <^4 4 Diastolic Pressure JaLu^jYi l\% ^ 1 ^ 

120 i*^»yi 3 ju> 4 xuij —»yi ?> a!.u/* ju£i jSwii 

80 Torr Ton* 

Jil v* 4 ^Luk 4 jjlli 4 Jb lnaw> >"* Vi c‘34JL) 3 jl tiiil) jllaj *^il4j *T 

jl^yi jru *. 1 !* 4 -M 4 ^ 4 JUs w wxj_?tJu 4 Ui .0 LLIIa* jllbyt JLS lij L«) . JSwcj L -4 

la a. La ^Li i jS>AJj . jtL*y * JJlSLL^V> Sjbj ^Jj «iLIj 4 

.OT-t jSLi)*^t ^biv jiiayi 



djbui jllo' c 1$Jb IfttJ) jj^Lf 
















































«U£LuJt £jl jll i yS3\^>r 


J uahU 




iLuOl aJLfcjll 


£-ya$ 5000kg/m* ajjLo iilli (5 cm x 10 cm x 20cm) ^Lul ^_lL^ tU:..... -\ 

-r 4J tf^ Vrf? ^ 1**4 ^ I U 

(10 m/s“ ilu-»j^f> lijjLsel' _.i ’,*■ i) 

* 


jJ 1 jui> j i J*VI j ?~\ ...(I (>. ■■ yl 1 *..Vy ' k -1 *‘ ,J| w Ij ^ ^ L-jLuLStl (1) 

(5 cm x 10 cm) *xUj1 
= 1(T{N/m 2 ) 


F 5 x 10 x 20 x 10' 6 x 5000 x 10 , rt4 , XTy 2 , 


P = —= 

A 5 x 10 x 10^ 

,_i,'jj 1 . ji_uSvl jj'Lt-J. 1 j,'j ^JLl. * %m 3 )j »■---» Jl 51 i-jLtj je l (l_>) 

(10 cm x 20 cm) 

r 5 x 10 x 20 x 10- 6 x 5000 x 10 


P = —= 
A 


= 2500 N/m* 


10 x 20 x 10" 1 

•tJL* aLo <Lj lL7 l£> iuilSLfk 4**%? 1 t* ^ ^lSJ 1 ,L^.k*litl JL-r-si - V 

i jSj* 4j *Ul J 000 citi^ *1^.4 <L^L uia cIl 1030 ke/nv' 

sLliulaJ'j 10 IIl/$~ 4 _jbibcJ 1 4 Wf j ; c-lji ^lt ^2 $Sk 1 i C-lil ^Ia-Ui jj'ls* 

1.013 x 10 s N/m 2 

*cW' 

Jill bU.^t i -1 

i> =!>,+ pgh 

= 1.013 x 10 s + 10:10 x 10x I 
= (1.013 +0.103) x 10 5 = 1.116 x 10 ? N/m 2 

t AilSUl l ■'■•■» Ti 3 j^Jl («_>) 

F = P x A = 1.116 x 10 5 x 1000 x 10' 4 
= 1.116 x 10 4 N 

































iL&LuJ! gj\jl\ L ysa\ 




frNJ-tl 


2 LuIj)I SJLv^ll 


. .i i ■! a )L«L 1^ 4 i.-\ ^ a i* ^ ^La^iL« ^Vi /ill — V 

36 Cm jIjJLoj v^lujlb J>n * 1.1 £jwill ^3 <rvl-i.n 
N/m 2 (^) Aim (<—*) crnHg (1) ^,jjx* 1 1 jUJl *ujja L* 

0.76 m.Hg = 1.013 x 10 5 N/m 2 ki^ii oV? Uk, 

* lW' 

• cmHg J»1 jl?-3j (0 


P = P a + h = 76 + 36= 112cm Hg 


(P cm Hg)_ 112 
~16 ”76 


i (Aim) Cj' jl>^j (<_j) 

1.474 Atm 

t N/m 2 tH-Ls-jj (_<►) 


P = 1.474 x 1.013 x 10 5 = 1.493 x 10 5 N/m 2 

»Urt4 A^-L-l 43 ldlT xla-i* Ar^L^ U ilLk Aj^ajI -$ 

<LLili£) /wfl aa-*£ ^-=> • (1000 kg / in 3 4liLLST) cliL Ul>r- c*lU 2cm 2 

,.i wLijjfc l_l-lji_>i 5 cm iij^ 1 ^^t i ^ ^yj* (800 kg/m 3 

- 1 jl C-\X^ 4_>J^ [7 Irt mil ^d|^a tlij 

* tW* 


vH = ^h o = p xv gh v 

’"' Po h 0 — Pv K 


. _ Pp K 
w p 


800 x 5 
1000 


= 4 cm 


L7 ^ JjJjLuJI ^yA f'uuj.| ^_Li lii^lLjl jhJjiJ V Q $ •»l ~'a• ■**»' - * al) • ■" ■ ■*■ > 

.tuy* js«^ ,:Uj v «iiyi ^ JjLji ji &ah dUi > 


^Iftl ut^l -»* W* 


























1 

J 


.3 


<L£LaJl £jlj>* 


fcUbll J uaflTt 


fri'j-t' 


iLuOIl 3jl».yi 



^lc .Jiii' S.»ljj 
JjLJi w j JaLUi Ju)j 


tPascal’s Principle JLSUb 3* * 


jSLUb ^ >3! 

3 U^‘i aLe Aik-lnl* J^SLj .aM-el ^Js ^3— 4 

P| Ai * P =P| + hpg h 3 a r <llab A Ji.4 

TLjulJ 4 s (d^MilLjui ^aSLl^ u*X) ) ^ ^ idJLbJ^ 

.<j*aSLh 3>2 3I ^SX\ 4JJ33 AUlaJ* Je, 

«iUj$- A P j!jlL 4 j c v-oSLL» ^ir, AajUiJt baj OJ 3 

^Jj U+J &It *lJ>—*J fJL-C Aa^Mi -jj—iSLIl ^ic ^iL-uaJ J-oj 
ale AaJkUaJi jSJ m i^>y I JSI_^Jl iudbLi ,>jl_jlJ a!* 

♦ A P jIjlmj dj^Jb ^b^ju« a^-AU# j«aSAt JjLJ^ ^Llj 
ijl* h j-*e ^Je Uj A iLabj ale Aik, Inh a»y>a **3 
AUUJt JjlA U»^ ! 1 ^ f i la u * A P jt JL-J- 4 J JU * 


.cL>y* j4 4^Ij tj^Uj ,^Jj InmliI< atj *3li * P =P| + pgh + A P 

i^Jb US i^jillli 4 ?jla 4eU^i> JlSUb ^yj^aJt |%JlmJt fli jlU 5 

*JL4»^» ^Jj 4-4L4JL) JaIIj InmliM JL2 mb] ^3.4-^.4 JLU ^JLe AiiU> ^-j^j Ltalc 
3I JlSL^li \Juu^j 'jla Js^juj . JlUJt ^Ae 1 *b^‘ ^Jj JaIIj U? JlUJt 

. 3 a*li 


11) Jrauhc Press ^SLJ^a^Ji t JlSUb 3 JueLd ^Le ja^LLi 


.JjtjUuJt I4I43 JlSUb SaelS ^Ae JuLu HjUuLii Sae jl^^j 

)• ^>^-£1* >(U - i ) JSLUi ^ US ^SJ 5J aa*Jl ^-uSJH 

• » 444(114 JjLuj jJLuuAIt jju ^ (A) 4mLirt4 4>Lyaj (a) 



<v> 


JjbJ 1 Jy* ^u^V 1 u 4 jlm)l 43d 0) 

UbJ» JJ jm 

jJ^j bLml* ^JLc. 1 kg J3 j (u) 

jvoSn UbJi 0 JLc. 100 kg u bj—u 43 a 
1 • 100 ^4 a,A jpiu>-LjmlI* 4 ua> tiiji^ bj 




^1^1 fciltt! UL^I 


















































dJUJl J^iJI 


2 U£LaJ< £ 41 j->> 




2LuUJI 3Jk»yi 


, ^LuJ( vJ LjO P i^JL^U >JLjL*a^i 1 I 

.jJuSJi (JajSUD jJo-ciJ 1 ^Jl JiL-J» JM3- <UUJL> P kkwkl* * JUb Jail j 5 

»F >x£>b ^JLi 3^aJ<3 (f) «^a!i ^aSI* ^JLc. 3jj$ 1» 3^Ji]i Jt LLu»>ib t j)j 

JL^-U a Jk 1 JLlC. 4<4 k^h ^^Jlj 4 l Jk 4 «i£l* ^Jk. jJjl* JV ^JA'» a 

ui* 

a A 


p= 1 = L 


F = — f 


a 


(4-9) 


c *-oil' v _ r it jJ^j_i j ;«-■■ (t t^U s _ y lc f iji jjp L* JUiL 4jt julajj 4<nlii»tl ^yt * 

0 , .£»lt Mechanical Advantage 4 a)V* SjuUJ'j .F S$jJ* j_uSJ» 

•o-* *1 j*Ai 

(4- 10) 


n = 


A_ 

a 


4j*-L^ 4 ^Jt yxSJ\ ^,-.Ct< a»-La 4 4. ,.ii w ,>«*• ^SjlI tj n^.! 1 iuJV' SjuLil' jt 

*^juuaJi ^uSklt 



4 JV 1 


;4j( ^fiiiiij ()0 • t) JtAII ^Jj ^Jbj 

y 4 |Lu<4 JI ^JJLmiJ^ ^oSkl^ 

. J ij j k * M j - ' * jt4 f ^ 1 )lj JiiA*) 

cLLi (j^jLil Ijlu« .F jjdU .*■ V» y^ 4 ^Luk 4 -^lc.1 

. JjuJbJi UL^ty Jjjui* JLUt 4ilW 

(100%) yJtUi o-SX* S«li£ o& o^W* 

f y,*Fy 2 

L-h 

F '*, 



(4- ID 


y 

• _i.4i44*11L) ^oLiit 4jJV< 3jbU)i ji Jjj 1 Jjk* 

y 2 













































«U£LuJt £J\ j->» 


lULjJI J 


jjij-ti 


iLuOIl SjLkjJI 


*U_)'^_j' Ajt ^JU» 


JLSLuLj 3 jlc.L 5 OLLwlaj 




aJlLxI* jJJ* 

>•>* 


^ubn>i>jf 


4 a^a^j.I a jh iLij_,>,1 I ml - \ 

.Lx-* . JISLm,Lj 3jlcU SjLo-uJLI Hydraulic Brake 
.Brake Fluid MiL- iUfilii fji*l**j 

41 \a m/ S^—jj 4-U4 ^> y o ^JLc Ina 4 >i!» j- 1^.4 
^Jk bjJuS b^A 1 tl* ) * lA Am) bjJ*j£ 

. Master Brake Cylinder 4 a>>*jlI» iU 

^Sb ,«j »JjLmJ 1 ^Jj Urn u\ ft 1.1* aajj 

JmJi 1UjJs 1 i^njlSL* (%j. 4JL4 Jki* 

*1jl-s» ^Jk (%5 ,>3 .£jLJJi Wheel Cylinder 
iJU^_iJi ^ (O * Brake Shoes 

ilsuJi dJl£k-» 3*5 Lilli .Brake Drum 

J*1 jJai\ Jjk fyj\ \jjk ^4 aa^ . 3jl a *Jl ^LLH^ 

4_.._ilitli 4_L4 j _iJi __*3 Drum Brake 

ib^-ltl ill?- L#1 Vt JSL1) 

0V-1 JSLul) Disk Brake flUi fjLi*JLk> 

^k Irvwkl ib^kJl Jl. iLLlih ^^iJi JL§ 
u&i3J 4^1 siiij jc LI4J3 * Brake Pads 




> 11 ^jLI) i^Lmli JLx^*Mj3 >*ly •?* 


.bjjLSbjil) JV b jruJbJ 1 ib^ lJ‘ 


4 jl± JlSL*b SjLc.lif 3 * aLi! -Y 

MjLu. Hydraulic Lift iuSLJ3jju*Ji 



4aSLaJajJU^J t 4 juS*jJ^ 


ULttll ^bbkll 





























































4 J&LuJt £jl (ja 






2Lu01l SJLv^ll 





u Caterpillar jLL?J» -T 

0*-t JS^) Jl£^,b 3 a*.lS 

w v 4 4 jl+j£ w rU;h ijju ^1^x1' ij*aJb -t 

3L* rVi .ij, * fth JLt-cSn ^3 In it 
ix-ijV* 4 $$jls* ^3 ^ciu ^Jj L^Jb 4 .LLd?> 

4>j.(T*-t JSL^) 0 ^jUJi .In4^11 ibUd 
c i^JL, fcjLu w ^U;?< iJjj JLi 3 j,k 

It jji 



.(n-t jSbi) ajjt-D» 


(>L* 0 • • ) 3^ jL<ii' 



jLx-J* Jyi jU-c* ^k. 


4.^.Ai J 4 4^14^.4 w JlL4 ^A.4 


Jtr-L—4« IOO N 3^-4 4_jk. 10 cm 2 ^_ul 

•. ii«»i 10 m/s 2 4 ju 3>jV< iujLjfcJ' ii-tc jt ,~.»Lr 'jii 800 cm 2 ■• «LxL« 

• i I.'^J ^4j 4 li^ 0) 

t^yuSiiiU 4lJV* SjLiliJ) (o) 

1cm j K uAJ 1 j l tjj^xuJ \M ^t * l jS w JJ' i m 1 * (->) 

•cW 1 

f p ^uSLl* *A>1* *3*]' 

a A 


F = 


100 


x 800 = 8 x 10 ' N 


10 


















































\j' j—t 1 3 LuCJ' 3 



t ^JuSJl ^oS»Il 4Vl 111 ^jSyiJ 4.1IS (^) 

---—■ = 800 kg 
10 

1 (WoSLcli 4 jJV< 3 jLiliJ< (^j) 

A = 800=80 

a 10 


w %ai I 1 ^yj* 4i l I B 1 * (_> ) 


fy. = py 2 


v 8000 x 1 on 
y. =-= 80 cm 

1 100 


































t 2 Llx«L*V t t V j\ 

. (kg/m 3 ) 3 jU> J-4 t iil£ i (p) iiUSLh • 

(P) 4t^‘* JUC iaJLtaJt # 

.(N/m 2 ) 4^k^lh v*ll If 4lr-ki>l 1 sZj\^\ nJj 3 jl ^>3 Lp^ *r SjjyLl 3^iJ< 

«(j^iu I4J ojfa JS\-lm JjL* ^3 Jl?-> 3 ^3 ^Ut U^lh *x*j^ • 

jL^-y JU£. 4UJL4 4 Lxoj ^ > 34 ^. J)J$ IrtWkJl I u;^!t • 

0.76 m 4—cLajjJ J 3 4 f jjj t^lSj 3^3 

. 0 C .llr ^X4 JL^U 4*ki4 4 4 ^>L*l4J 

.(Torr) mm Hg jt 10 5 N/m 2 (Bar) jb (N/m 2 ) JlSL^b 4 jUl^j 

Lia^hj «b) ^ ^ 30.344 jl£ ixkJ» ^LlU f JL5 *Lu-J 1 • 


• JlSL^b SjL^li • 

l*£ JjLuJ( ^jl 4J>» ^1) 44L4L Jilb laJulaJt JLi ^him JjL* ^JLl hii4 U juc. 

.JjLuJi ^>1 *1♦ *byi 4j< jJj> ^J] JaLo 


P= 


2ul*n 4 ^li>bJ 1 j 11 Uiii 

i!2SJ» 


. piilSJt • 


ol 


p =x 


5 ^aJ» 


. p U.^f i • 


Jjrf* h ^jic. e'^il ^iojajt p AliliS JjLu J^Lalj 4tr><») JU£. lrl»M->tt • 


P = P 4 + pgh 

.*xJ»j)l\ iijjbfcJ' 4L*£. g Ua.ViI* P t 2d 



r 






































i-SL.' X. c .i. ijL*£ 


P | h | — Pj hj JlIilA Jilj ijjaj* • 

f F 

— = — 0 £jJj J Ju*Ji ^-oSLLt 

a A 

i^lc. S^jjl .1 F , a 4 «tn<i * 4 ->-l ■« 4 jJ> jjlLiaJI 1.1 ^lc. iyi]\ f /.i ■*■ 

.A 4«L->a 4 a^Luu* jAjSJ' ^kiSLLt 

T| = Jl = A JulTVi tfjjUlt • 

f a 

4jLjkl* 4 JYjj y n j ^ - .C11 i^~j ^Ul ■*<! *-ti ^»imil ® 

f y, = F y 2 . 44M*J' f>Ji»LsJ y, v a»^il» 




glo’i 111 Q I I aolklr.l l 


Ubflll £ 


























SSOrWaf 







<uj —' j jl> y 




^w-> J L*J^ 1 A < 


» 3 uu.yi^,Vji 


i <JlcU clil £lS ^k U»,l^ h ^JLc ixJUJi - k 

. JIL-Ji iiliS ( v ) *Li?* > JSLuJt ^ 0) 

U+;^U (j) .iju-£>jV» AJujbJ• ike. (->*) 

.#U>» 3jul 15 i^L-ui U) 

» v vL«^jLJt ^ ^k-djjk ^^k V 4 ijV* J^i$jl!» -T 

. 4 JjajV* jk 4 j*-L-u 4 (u) 4 lil$ (I) 

. 4 JUi»jV 1 ikikl1 ike. ( j) U%^aM (_?-) 

£j* 4 ^-jJ (-*) 

J^. ^JIjlJI JL-mlM 3^JL5tJ J-lS JLX 4 ?Ul 1‘ kliJ* juJju -T 


JLuJt 


. JLyJl Jjto (^-j) 

kit?- si+*m (j) 


.^LlL* *» 4^L^4 (i) 

.*Ll» (-*■) 

.kjbJt ku aisu) 

J^Su 9:2 ^jlit ^v— aSU< i\i^u...vi j, i ^ Xu j^± ^ ^\ jju 4* ««Ih »V>1 ^ lit -1 

^jLuhJ ^^JLuuSLO ^k J>JLJ 4ikJt 


2:9(u) 
81 :4 (j) 


9:20) 
4: 18 (^) 
4:81 U) 



^jQll JlaO £ 


vv 





































LJ 1 'fl' 




j' 4 —i' 


iL-j'JJ' 5 jl> 





LaJi -r 


• iilSJi -> 


JtSL-b Jj&li -T 

AA^mJ 1 ^yt J i«'j h JjL> jkL ^jb itaij jl JllC. P kLaJl jl tlujl - \ 

P = P a + pgh 

.4juJ»jSn iljibJi iL>it, g « JSLuJl 4 aU£ Pi 0 "^5tl 1 UWfcl* P a JLl»- 
jlc ^Li ^3 <U^ ^Li^iUi -T 

. I^jIajuLx) jl^-I IJlSL^yb 3jL£.lij t La -T 


«uA)Ui» Wj 

ioKJi s^jji, ... ^i 15 x 10 3 N/m 2 .lij £li ^ U4^>tt tij -> 

(7.54 x 10 4 N) 8 m Jjk. 121 * jL &2 JlS »ij e uyi ijtii ^ 3 

0 ' 3 _stlt jL£ ljl__a 3.039 X 10 5 N/m 2 cjJA Vi «i<i jl_La^' wj^iLa> -T 

*i* ioiikJi .~.».i *j< ijLi_uJi jILj J4b lr>■<>>?* jl?-jLs 1.013 x 10 5 N/m 2 

(4 Atm) 

4000 N 4ljj «L* ^ ^ o ^5 >000 cm 2 4 k>U« 1 j«y iotli -T 

(4 x 10 4 N/m 2 ) .^> 3 kJi g-ii ^Ic. «Ui yM»t 

wjbjJli 24 cm < 2 cm L*a>>*5 0 - ; c- ^ ti .. ftp -t 

4 <_uj^! . ji 4 ^ I* t> ^1 ^If 2000 N lAjtjkk* > ii \]^j 
(13.9 N, 144) id** iaiUJt ddaS, 

































I 


JLS li) SjJl^jJi 34^ La i 1 Atm $Jt ij. jLSfcj cL 4 » jlIc U ; ^h JLS li) -0 

JjUu iajL^aJt 1000 kg/m 3 *U( 4-isLLS JL> L*lc 1 3 Atm L4X.LS .ur 

(20.673 m) 9.8 m/s 2 - iyibJi ilM* 1.013 x 10 5 N/m 2 

^>>1*1' JjjklaJ' -uc .5 76 cmHg 0 jVi Lih jilt 4 jeiji j-U^jb J^- v > Jam *1 

jjiA iflUS in<^ I a ♦ 200 m ^aa!> £l JjlS 74.15 cmHg 

9.8m/s 2 41m. J4 Uk. 13600 kg/m 3 ^Jlt iilSJ 1 >'.*k lit ^ILJt 

(1.258 kg/m 3 ) 

3±^ ^UlJ jY* 3^ ^ * )Lc 4^ xmA ) L) ^iJj <^4^, jJL«£jL• -V 

d^lJ 3 iuti u» ^f» dii^ 3 >4 - -- ^ * 25 cm 34 -^>- 4 ]* 3-hJ^ 1 

4bk£.j 1.013 X 10 s N/m 2 JjUu JL LcLl 4 N/m 2 Ijal4 ^^jit I 

13600 kg/m 3 - iiltfj 9.8 m/s 2 - ijuijVi 4 jl*:>L*Ji 

(0.3332 x 10 5 N/m 2 ,1.3462 x 10* N/m 2 ) 












































e-'li-ll ill 


Q> -ui-o 


. Hydrodynamics i ^Jj iiSLmlt <u.i>s JV' 

.U11 jUp< JrLC-^j Jnj o' 


i Steady Flow «j J* 


JjL^Ji J| jLdj >mJ3 4-4^ju *jj[ y* l* Ajliola jJJhu /«a L 4 JjL^ L 4 .ilr 

(^yjl a «atVl) jl Laminar Flow iLift . LjLuyjl jl 1 * a 1 Li 

Ja £yl\ \jm J * 4^j * Steady Flow $1 Streamline Flow *^1411 JLj-uJ* ^4, 

UjL.AJLtV) ^4 V ^ ‘ 4 'jLuui .lit n 5! J-i-Ij JJ Limit Ja 6 J.A 4 l 4 ^ j£ jL> U-ll 4 L 1 *)V 1 

4 ^^ct< jl 4 iiid> 4)^ul JjLJ» jl^MU j^t 4 j l»C 4 i jjLiVi Ija Jkj i Streamline 

.0 *0) JSLU 1 ^ US 44llitl 1 JjLJ' uijLyi 4-i.IIj kiLJj^ 4 Streamlines uLmjVi ji 
4 £j*uJi obtj' ^jlxj wiL-uJVt Jai* iloiu jSf C v-Ul‘ Jl L*£ * jLaLiij V Ufjl wjLajjV* U 

bj^- 4 -c jXi ^il*. >i 1 ^iVi jjlc. ajustjj .iLxilf’ jJLLj jlx, JjLlJ 1 Ja JLt 4iU^ih 

IjL^Ij . 4 U^- *I jJLL JU£, ^jLuJl jlj^44i A. c j ^ ^ il 1 iV) U jU» 4iL^) 1 ** 4&A4J JLkC cjL^LaI 1 jj_> 

♦iiaikAl wltlx.S jaaSJI Jl 



Streamlines lajU^ 











































AS j^uXI jjtjil 


jji jii j^iJi 


2_iij_ti 


iLuOJl SjLvjJI 


im? i Jo tti 


isLLS* laLkjwajMI Jjli jjJl JiL-J* jV ajL—a J^Io ^JLc UjIj JiL-Jt Jbj— Jjjl< JjSL» *jl • ) 

• w v* jJ' 3' AS 1^—1* V Jilull 

.JajJl JLfc alciai J£ ale. JiL-Jt 4CJM ^aijli V Steady Flow olo—j‘ ' T 

.Vortex Flow OUija V Ail ^1 Irrotational jija " T 

.Nonviscous JSLJ* OULJa juj-^ 3 V - t 



U^IxiAlI I J) L^yJ I 


Ja jb-al' JjmIj 
W JJ 41A11 ■ i| 


JjLuJ 1 ■ ■' ■- - ■) Ac.,j_u> «Iijlj lilj 
(JjLfJt jlj; ■- I' J j->. I j jfULa a_>- Jc. 

? Turbulent Row kjjialaa 

Aj^jla t « ■ --» .LLaUj *)->}> ^ ■ * <j 

^^Jli .(r-0 JSLi) Vortices 

Aili ULJaS -Llul u»*jUll >; --’.W. *^1 

J JjLmJ» jiSJU WL^aIj j_rl«‘a jJ* 

Aki ,W «S>> oJ! J l** 1 >*■*■ <> j 1 -^ 1 

Jlc. - j >« ■■•> Ja jl 

.(T-0 JSLi) Jua'** Ai^i J5I 


4 A n>VI 4i jliL4J jLj^JI w t>ll4 


l^plj US <4Lu9 j jSyiJ ^jjt Ha ^ulIluA 

Flow Tube oW^- 

. L4L4J 4jjojV< JjLaaJ* >LcJ 

JjLmJI 4 a 4 SJ 4jjLuul l ^ a 6Jl>I JbuC 4JJ-UV* ^Jj J>»jb JjLuJl 4 a 4 ^ jjSj • T 
Jjld J jL ^~ JdHJl jV *^ Jl jJaJl JUuC 1^x4 

ii Mjc . J- 4 ^ 1 4j$-oV1 ^ 41a xxi jlIc JjLuJi JW>^ >■— ^ * .4,r> V -T 

4JjL>. 4 4-5MjlJ| •?JLdb . 4j$~oV* * 4 -^La*u-*J 4 I f ^-AAAj JjLaaJI JL>^-y JjLJL-4 

.Continuity Equation ijjt 

JUC wiUiitiY) ^ jfrfLukA jll3tl .4^jl J.AI s«Vl itabnj 4xiuu U 

4 ^Iaa>U ^LxL# 4 >La4a4j A 1 J*V» j}* aa>I< gLii 4 ^-Lia4 a( i -0) JSLaI ^3 U* 

>* wjl a aiiV i Jjljl*) ^3 A ( Jiii- yLull JjL-J' iv^-^ 


ay 


fU ulul 








































• JlA ill> ^1 ^IajIj 


P A ,v, = PV, 


(5-1) 


V, 

~ 

II 

> 

K> 


< 

1 


WVj 

jl *4jjl^4JUiiVl 4 JjIjl 4 dJLAj 

(5-2) 


W ^im iiJJjV* ^ 4Lkiij JLuC JjL-J* 4£.jl jrull 0JLA 

4 -yj «« 4 03SI4 LiJUC ^3 .IjJL.A *.Ui> L-il ,AMAf JjLuJLfe .iLauiiil till) JLuCL %kL« 

•(0*0 JSLA) A-, 3juxjl^9 4iULi i^-Lu^ JjC Lajujl jjS\ kn ^ wjL^oj* * Aj 

iuji^:^v» ijjU.4 ^Jd* 


Vi 



Ax a 


A,- ----< ^ -0- 


iLLS ji.a I a >3 MjLm 4*1 ^JL £1 

4 JLSJI JJlA i Am <Jl 4 3 
AV^ = ^___Am = pAV^ 


Am 


Am 


4jjt^4uoV^ 4 )jIm 


4—il am It AXj l *L*i A|AX| 

At ijAj JlLuJl l^S > > .!.) 
d*-Z—i iiLJjL-#3 * AXjSVjAt jl 
IJLA 4 AV 0 |= A|V|At 
A V o, = ol iaLJu^ibU Jjti JiUJ! 4> J-*"*' ^LsJ» Jil* U* ** 

Q y 0 ^ji-»- wiloAJijj Jjul4 3 A JJjLJLt wiL^tVl Jjul* jl ^k. La juJSLUi ^a.-Lt ,%j J 33 « A^v^At 
.*Lxoa 4**Lma JY sl+f \j jljLA 4 Li^« (kg/s) 4 jJL 7-55 Q m ^JLIS ^jL^t Jjl &4 5 I (m 3 /s) 

. V; 1 '>aL-V» ibU* Conservation of Mass iLSLh cUj j^iii \ -ia* 




£j2lttl UUfltt ^ 


3mP* 







































lilt 

4-fc L^.4 Jit Inm l ^ ■* ,<B J^SLj J^SLi ^J] SjolLaJ 1 

4?aA^ (v-fl JS-i) S^oIIaJi JjJ J- 4 J^- 3 *>-S 1 *lii *> . 1 

. Bernoulli’s Effect 3 jm \ 1 o 



jji Jai^J' ,> 4l«Jj- 4jU,4 ( v V i ^ 0 



^JLcV jjJlLaJ* viftju iaJuoJt jjj <>>D’ 3fiJt (£ 





3^jlLaJ’ j t U*i l !mC 




uball 














































4 t eft) Ja 4LjU 4li-A Circulatory System fUiUt JjSJj 

^ jftjJt c_AU‘ .(A-0 JSLi) 44-aJljJl £j\ jjuuSJ* 3jj$V *5 jrui^uU* JL# .4illitl ‘ 

4.j^* jl?» 4^ *i 70 Jjaaj 8.33x 10 5 m Vs 5) 44 a4jJ* jJJ 5 ♦ 4^* *1?< ojl* 

4 , 4 ^ai 180 Jjljl^jI) 4A * 25 ^Jj jL^aJ 1 Jjl *«4 Ju-aj jl 4 5 4 jULaI* ud3J1 

jlu ^jJi5 Aorta O joj$vi ^3 J^jlS <-c^> 1 ^ Alh u (4 ^ * 5 jJ> 

«L^jaxuJi JS l * > 1 ^ .(dLuJu^ »,*4iL>^) 26.5 cm/s 44c, jm^ >l>j HjLs 2cm 0jXga 

J^SLj ‘jlcfl) 0.25 m 2 4 »*.Ith a i^-L ma Jti Capillaries 


[L^^J —► 

T^4i 




y r 

~jW» 





SajjVI 















































4-4 


jjjlt jA 

. jjLj * y«<>)t 0 JL^J ,lfli U^IaAX 4 ln li^ |»jJl jl^jyu) O 

^(S^l) 4 jj*^ 44<u<V^ 4 JjIjl 4 . Jiu jru *\ jli u^LajlIi Contract ^1444 > U.iif 

Relax .Li444 *I» L- 4 . 1 I c .iiLij 4 ^ 4 < i jl^j jl juV 4 cj-+* jLi 

L* \jufcj 4jj^t jjla JLj^Ui iLnr jlLoj ^jloj . J*oj fjJt iu.^ JUi iCb^LuajJt 

.<* jJt i^SLkLJi 4 Hardening of the Arteries £&y ^-SJt 

J-4 JU^j La4 4j-C*V’ 0JL4 jk£ Jib 4 j$-4 jJ» 4-A-C.$Vt j)jJL> ^k yu«jbjjt £4j 

4JJ.1 4 ^ 1 1< 4_3*jjJt ^Jj JL3j jJ> ^j^JSfc-4 JL.ajiJ 4tUl» fjJl Ini V) 4-Jl 4 I >< 

&'jjk <il ¥) 4 In It* I It J-4 4 juI i^jJi 4JL*y ijjjl jl^L 3 jLl5 .Angina 

jlcLl^S Platelettes juLa_^a_h fjdi tLb^SL* J« J> kujb ^J] ^£3 jlLa 4joSm 

* JLkMjyt 3 L^ ^3 L§Lfr tj $3 tLbjSj* Ja 4 j I45 f jJi 4 *>11 tj£L*j . Inl^H* 0 k 




jJ 1 Jaai# ^Ui 

111*/) .t—JbJl J*f 4-4^Lu* ^OAJ JJt JjL^^J» j 4 j>jJ^ .Iniu^> ^iLi jjljJU 

-jk. Cuff kbj J4 JjSbj *(^-0 JSLi) ^JLi^iUt £}}j\ Ja (jj Sphygmomanometer fah 
jlaJ Hand Pump 4 jjjo 4u_*ita kL Air Bag «i>* L>- o_S JSLi 

.In % ill 1 * . ^4i )j ^jui^jL# j^t l VT .A 1 ^ !aiu>?^ .^aUl 

4 jd <4 4 < ^jLitLuuj .Brachial Artery j.iiIa a It jb^lii 1 4In^t! |»jJi jb^ uu^jj 
L> - oSLf» InmJ? .f jJi * 3 .* ^3 Jb>AIi iLnf 5^5 JVjlLui^U Stethoscope 

L 3 l£ . iUh 4 <uijLo ^ jJ* JajuaJt J$£j 4 ,i ftl$ 4 -^^j ^Jj ^aSJ* JniunJt Jib UjlL&j LstjjJb 

JlkiX» ^3 fjJl £l3Jb» .4-L3 f jJt jijLu-fi ^.1 bi ml* A!l jUua ^jJ' j3 jl-J 

_/ 

































A l * I 

*iU; 4 i>j l3^-u» ^u— l^j U 4 Turbulent How 
s>r a .^LcU^jJb 4m < 4^>1 ua^lull 

I j^JJk / + ^jli 1 ^ic. ^ - 1 3c‘j-5 c vJu 

Ifi4-^.fi IjlA$ .mmHg Inm, i>fch iJVju U^ic 
* Systolic Pressure ^LJbVi Ink^h 
l. *!*>$ «120mmHg ^JLiJ 1 Ji —»y> ^Ja ^4 
JUj ^JkJ> u; JJu 

***i o' «L^! 4 * .t * l - ^ <4 

Jal ^ t »¥< ^ i^H) ^_Liil ioJJ-51 

^ iai_iJi j -4 (Diastolic Pressure 

jl5 J^So j\5 jujuc. 

. ^jU^> ^ ^ja (>jJ* c-»l 4ma.j} ♦ J^lSJb jjLJa 

s ,*Hi}' <jl± Jjfa ^jJ’ 3 -A 4 4 ^Jui^jlii .u,La>» u;:<i!i 1 f< ^ 4 I 

Ini^h jl£ ♦iu.80mmHg <jut .Rest (Relaxation) eL**jJLo ^4 

^uo .Hypertension UiS^ lUi ^iU* 150mmHg J> ^ 

.Stroke 4 u£UjJi 4 X,J< ^Ji Lt* jit jrut^-i »u^ dUj 

lit Ji ^JLl L*a^l 4 - 4 yLc dUj JLa 90mmHg ^ **o¥t u% j tit L*l 

c_JLU> ^yLc. 11 i.r J-Uj 4jV <]• j wJLU» LoIj > ai^ laJLiaJt Ijlaj .%iujl1 

4JL> ^ *La^i44" % iLli 4 jlS ^'jJl 



c>* . 











































Pumps 

jj^JL) 4.\<a4 .. ..»•»• .~.t^.Uti ,»i uJjj JS-aj 

Ji>4 U eUj ^ c'^J* jLij Vacuum Pump «t^Ji 
4 « s'jJt 4 v ^>1* .Oil Seal ji O-ring i-Jalla^ 4 jK> 
. Ja ell* JL* MIL- ja jX Force Pump 

4jJJ ij_ U» 4 > t* ^S) . l_4 4 ij . .1 ^9 4-3 jJ jt 

_J> ^Jj Piston ,^-SJ.t Reciprocating Pump 

In take valve ,»U~a 0 »-0 jS-i) 

* a* Sl«j 1 4 .tif 5 .jjMkiil' ^jU«- £»Jl> ..I* «1 

JjI mft j* ^* \ u?' 

.(l v *0 JLu>) dJj k _ y Lc. VU_4 ..iteti j‘~%jf .£;iiJi JjluJ* jl *« '■/ .Outlet Valve 

<0 r-0 JSLi) Circulating Pump ijtjjd* ^4— j QL^.^tU Ja tjj jl*^ L*£ 

4 %lrt A Uaj) ^ 4 . »~l j *jt- --I* 5! 4lit JLj^i O Jle .Ojj 1 j JlLkJt }) * 3 JU 

JU -5 cjliJt ^Ij «t*Jt f\ JiLJt j>.B lades j$jb .Centrifugal Pump ijjll* 

.Vacuum Cleaner i—il* cUj 













J-xSnjWr*** 


..i^n 


SjljJ ax^x* 



w*» M * 

^Vi j*W 

J^V.jOeyl. 


\ 


















































^>>*H! 4>s»l 




gH 1 ^ 1 


iLuHh 3 JL^jJ 1 



1 a y d .j j 0,1 m/s 1 j Vj^4 2. cm j-Ljl* ^j ^o I w Lt-_ij ~ ^ 

, I cm 


. J) 1* «_^5tl I ^_y3 *U.> 0) 

4jJ wj^s 1 jlr^,i < Syt ^.1 < Ji’Ls- *lLljJ J J£ i_jl 1 .ii~ ^yJl (^"lXj <Uaj- I ill 1 4 u^ (<_j) 

(1000 kg/m 5 ■ ell* iallS cjtf lij) 


>cW* 


A. v,= A,v 2 


yl f*kj (I) 


n (0.01 m) 2 (0.1 111/s) = 7i (0.005m) 2 v 2 

K X 10 i X 0.1 . . , 

v, =-r = 0.4m/s 

* ji x 2.5 x 10 ' 


l 4^ 1 i j f A ,jH,aLU i—ll 1 ii» 1^ 1 JljJL^ (>—I) 

Q v = A, v |}1 A 2 v 2 

= jc x I0' 4 x 0,1 *i 7C x 2.5 x I O' 5 x 0,4 
= 3.14 x 10 5 nr7s 

X ^ ofir* siUJu« 

v ol = Q x 60 = 3.14 x 10 5 x 60 = 188.4 x 10 5 nvVmin 


(1000 kg/rn' = *111 iaUk) *LJ4i aiXfl 

P% = PVl = P A 2 V 2 

= 3.14 x 10 s x 10 3 = 3.14 x 1 O' 2 kg/s 

t 44 jl£J i _-JJ 4jl> a iu t,* 412S J 1 


M = 3.14 x 10 5 x 10* x 60 = 1.884 kg/min 


cjr A- 0.7 OT1 = *. Lai^fc> *Jb At *JL P > ^AjLf r(L^^.^-T p 1 4X,j— ljJI - T 

1.^1 d |J^ jid£ 1 . JliI > ) 4i_..ii ij- t 1 i J JuL. £v0 £ 1 0.33 lYl/S 


. V^jlS j^iJLfl 4£._^ii * t_>0 4 jlxuJljjJ^ (jjjj^ wuJ! .5 JUL ,J)L£ (.0,35 cm 


£j2lftl ^\j!\ ubaH *uj^n 

























A, = n t] = % (0.007) 2 nr Jajfx' a*. 
/\^ = 71 X 30 iJTpy^Jl 4 j-u*jJ,JI jSaii.4 4^ 

= it (0.0035) 2 x 30 m 2 


A, v,=A 2 v 2 


ic (0.007) ‘ (0.33) = ir (0.0035) 2 (30) v 2 

4 x 0.33 AA„, / 
v, =-= 0,044 m/s 

30 

i c 0,044 ill's \ M ^3 ^JJ k jl ^ 

Qy** i3J^ J-^L-H cLLiL^-ki jl-ljL> ^jJI jwgVI . 1 -lr- *j ■ • 4j^_4_J k cLK n.^ 

4 UI 3jjJ r> Lld>$ . 4 -kJ 1 k jljJ,b 1 A. hjju Jal, M Lrt.jft 4 ^ ^^ Cb 

4lll "ij^Sj^Ly Libbv’i m" 


Viscosity Ul> jjJJi 


t ,^Jj Ll* ililj^l ^SLoJ 

^ u~uai < 4i.jla Lbut£ Lv^Jl 4 ^Li-w l ja-ji ; J^L?- MS JjiJjLaI* oyL*± Jiii - > 

J)j^-4-u-4cJ 1 3-* MjLa* Lojfc^\>*-^N ^pi 3-* ulul* L®bjt^ Jh 

.^jrdbLuiJl 3'* s _)S i—jLu-^jI 4aL^mu< 

g A 1 + s j‘k 4 Jj^Lu_Li_3eI I 1 Ak i*s\ 2LC.^-uj J^ 1_£1 J5j_3tSJl nlw isl 4 3^ A_3eJ 

.dililf 3^/... li^l> 4ihl? J_4 joSi <—iLwrt J^cSil 4 a1jL£ 

3* L^*-^ l^A'-Jl^l ^M_4 _u jj>lj -Y 

^‘1 L ^ii , jT.l—^"3^' O* i3 1 :il ) Cg-*-u5-£ll fV* J-S JjI ijJl L_li-^J . JUa-jJ 1 Jlu4 »l i .i 4 

3-4 JjS 4 3 ^ ^ ijL-niti ?r.^>_5e_j fQj 3 d 1 “ ^ 3_^ j _i-uJ^ 

i 3‘ Z)j^\ f/itl 






































Jil J(Lu. i^w-J ctL* 2 u 5 LLi ^JLc Jaj ^a£ 1 4l^ *■> cLLl ^3 JL)jLuJt *1 

. I4J JmiI( ~ 4 a$\aa Ja 

•jj& 0jaA *U» Jtl?* 3 jlkj j^\ jl*j J^aft iS^> -a_» 

wj« clib A.iA^Jb wi^5 J 5 V 1 jLjal 1 'Aajj . JrUjLaL* ^j{j3tA jl>U *T 

j 3 l* 3 lJL^J (Mjl 4 S iluih J-4) JtuIjUIa JruZjjL 4 Jry jl>U <%J . b 4 i 3$3 

^1)4 . jlxifci» £li ^Jj J*aJL) 3 jSLh 43jJlLiJ ^alt JajI* JsLLj <c,L* 3L^‘^j J*ju$ **Ul ^3 
• j b^ I 1 £li ^lj Jtf iJ 43 jjlLlmJ JjJl *£**3 *^ l£j^**^* 

ijAjJt tj - 4 3 111 jb ♦ £l i Ja^a? 3 jSJl 43 jJlLlmj ^jJt ‘^‘ J 

^>j y v 4 M a iyl * Jl ^JLl Jju \aa a* Ay} > JyL 3 * jLlAI 1 £l 3 J-uxjJ iiSl** bS 4 i^ %l .«*! 

. l^J cil' ~Aa 4LL4 ^a£1 j1jlL*J 0 jS!* ^jldj 

1 ^ U j^VLxl^yl J>SUj U43 
l4l^L5o^ J>^^^UlSJl»>«Jt 

iS^xl I4I45H4 Ji JML?* ^JB OjJuS dSj^l * 5) c-ll^uU^U 
• OjjJkj^s 4 >jjJ Jjb ^3 4 3 jjlSLus l^xd (Vax)^ 

J$SLj Ju-y-aiLS ?t jmaju - Y 

ji ^ 3 y uiJU 3 4^x)t ^1 ujLlmJ^LI l^juJ^li 
tZ»tj ^Jb 4 ^ l 4 i a ,>1 a* ^V» 4 ^^xl L^-l_ 44 L 3_4 

.iJlc 

JjLuJt 3^Lai u\ Z i^4>U» 3 aL»» s.i+M.i.1]} 
Ltl 1 aa.i »1 1^4 Jry^^J ^ •» -. 

4 4 tlr*> .(" ~ 0 JLi) V 4 LC. J ■«;> til ^ 1 1 ^>V' 



^JjLuJJ UlaJ 1 ^JLc ju^j 0^3 (1 



lv - V 


(b) 


V « o 


b^iaJ 3 a 4.4*1 Jb 3iJ*-u vliliub (v_j 

imm 

JSLJ* OUJo c» JJISLL-Vi 


l 4 * Ai Jjb ^U JjL^Jt 

V ^J] jJu-aJ» ^5*vlilc*jryj JjLuJi JjLLJ^ ciljjtl15 <v ^>3 4 Jx. l v-Jlu 



























9 ^Jb U *jla ( j^* jj$ * Lfe^laj ^Ut 


^jj*ju& ,4J iLLhoMlt JjLuJi 4^aLi^ JLi^J* £^1) jLa-*-J‘ Jju ^iflSLL^J jl^^j (t) 

IfJ jjbti l JjLuJ< wJL^J< ^^Ludl vLU^ Jru 3 ^ vUJt ^Jl j>3^' *. 1 * 

4-4).l£ 4*^1. *• 4^UI» :,’iA 5 JLiJdB 4 L^jLi^jJ J^ju* L^J a .Sj^iIL-4 

.^^JLjlI 1 f»U< 4 c,^ u. ^yjlj JiLJLJ ULaJ' 44oLxh jJ 


4 La^Lu 2^iU?i a JjLk»l< JjLii-La w v« <ui>Li JS Jyj slilSui^yt 0 *^3 j 4^nA jl^^j (o) 

iiili JS Jy» A£.j*m1\ 4ifi. LaIuj Lc 4 3>A JVjjt £yju± 

( TjJJ 1 jb^uJi jl Laminar Flow ^yubit jb^uJi jb^uJt ^ t jla ^4^4 4 Ia^Id 
jru wlilll^J 5! 4-45LL4 ^ ^ 4 4A^r> ixA-aliJl iiLH 4^1>U»3 .Viscous Flow 

^aju If ^aj J^aj dxjfcj JlL-Jt vLLiila 


4^> ^ jJLJ > W U Lm 


J-4 JjMa .iLlj 4-C jm-*j jJ^r%JLL» r^JLJi ^SU 4 j) ju*j (1 - 0) JSbllt ^Jj 

A ill^ ^ U< rjU» 4 _^L^h -43 V 4 -C ^yA JS J -4 UaIjia s 4 4 4 i\Juj S^dlt jjla .F 3 $Ji * 3-^3 

d jijj iL*»t3Ji 4 bL^1i ^4 1 * ,_c^ t i^ iir>* 

r? Av 





(5-3) 


. 4 ^ 3 j 4 J* J^Ulaj Jfi j*J 3 wul^UuJ* OjIj (Lb)) 


vs 


Fd 

F 

* I 

vs Av 

Av/d 


(5-4) 


l ^JLj J*#IaA JoJ^AJ iiMidt CJdlb jSL*J$ 

^Js Ific jlUj > OL^LmI* 3 ju>* ^JLc 3^5$! 1 4^1*11 3^3Jt ^ » JSluJ i^-j^ilt J^Ijl* 

•4iLuIl 3 jlt*-$ 4jj^4jlI < 4iL«li JjLuJi IaiLi jfu 4^jyuJt 3 jl^^ djiJ44 4 l^iJI 

N s/m 2 3I kg/ms 43 jl*-j$ 


^LUi UL4JI «bUII 






































. *L>.-jjJLh Cj\ rt a 


t L$jua 3 jj££ OLluLaj a UJ 

, C^j jlll 4 


■ j^J| ,«oscAjJ1 2uU & sLjl 


y}r^ nL-Sa 4 jj„ l xl . 1 LuJ^J a| I^o^lo 

. L—) lS-^> 1 -c'llj I JjJ^Ul 4 I i'A 




. l> J^LLf ^ 2u Ljj- - V 


jj Liji i] (5 y s-L_vSJl l$J-?-4jJb |»1>A V ; mb Jlo^JsD 1 4 A* £' |*jU4 

I_jLuJLJ l _4 [jl C.^ y. / !1 4 jL? d^i_k^±Jl LjL ^ k ^t k vLi_U^Ul ^ 1I4 c. *u.1 i < A, L V 7 . <s t 


4 jl ^n» >tr*>?l ^yA l 1 _L!LJ , 1 ^cLLil 4^L^jJ k £^d ^ ^^I 4J^1 L j-c k JUu^j 

3_ljIjJ| 3£^2fefl ^ r j*,ak 1 ^ s i ., ..“i > jJ^S I clJ^-L 7 y ^ «^ y> 1 ^‘L. J. ^7'i ^J C «<J 

- "* iduLL^n L.I3 iljtS La Jj_4^ <* 1 j^Sr k i£ilil 


t v ) 


J .4 ,u< ukll» ifiM ^juj jjJ k ^KJ k JiAfi JLS t 3 jLl_uJi ilo LalLt. 

3 - 4 ±i tJ-tJa Llaj'lj. i ^ * £j^- <Lj1 SjLuuJi c I x-gj I iUjlli -L-a 4 -*&LaJU* m) M'i^T i» t,1 

/.La 4^111^ “ll 111 tu\ rt y 1 * 1.^ t l lZ-»L£L^s mtI - j^jV 1 ^ tfjl i a ‘i tl ^jflJ ^£Jl£jL^-V k 

^ ~ J 1U £A ‘ ^ 1 - 1 LuLi -c I $ p f I ^LLi 4 l£^ -*>iill,l ,M 1*1 >^y\J 4-4 ? [ rt 4 

V i-« &Li> JLb s>lji-4 ^ /ul 5jLc-cJl L^jLcjt iSji-ftlil 

4]wL±_ 4 Jj k >Aa ^ ^ 11 JJ^^-4 £_4 L^] * L ^f<T ^ /i J>fl 

^ • lja ij^tl 1 juuk.^ ^j.1 .i.ili uuti I^gJLj iJlI/jlIj i j jmi-L I k I jJb jjji, 3 -jLij v-j 




^ til I 44 iiJp 


^4 -CVi uL^Uj j^Uj L^'li JjLm* ^ LumIJ v ^ --^1 ^,1 . 3 jS ^ yi .-, ^>bd 1 J-4 

4 ^»-$}J <L?ri I> Jjliull ^fUA i ^ 1 i 1 L^lC^yi 5 x ^5 JjI mtl 3 4^A JA iu^f 1^.^A 

. l ai^ai S^LJh* jLJJ ^UjL^j a^j^ju L^ji Jj-3 ‘ / ‘^"y/ . JjLl-JI 

41 liUjLi^ . l^ii iuj^ S^i^-oi ^La^ ^^iJ| jj_4 3 1 ic, 3 l^L L_ikJ‘ ^ difi ^mVTmi* ^4^13 

ijLyca^ k kSL>> imjr ± i JUU. fc <w U-L-»-a -JLa-0 .V !*i Ll»-i.lU >jJ k Cj\j£ ij\S k il iij^-4 . hi.inll 

f*j2 k OI jhS ,4 \ >n > ) V 4 AJr 1 »• > jJJijl r^jJ k v * A k il N _ T i LJj L Jl TO 4 j Li kc4^«uL^ A^Jl Lj 

































4 jL^>V> L- 4 * - ^ ft 4 .^jJLIHjj 4 I 

c*jw4-3fc) * |>JlM Jlil^SJ ^xuiSj »4j] klo^’ JjjlI^ jhC » /* **»4LJAli LiiiVij 

-La ; U^ Jojuzjj Jiui 


/J 


A-j_j‘^j‘ i -4 j»l« 4 



w *juijL-J' 5 ^*Lo 



Syphon ^^iuL«Jt 3 

JjL-JLA^j ji^SUj JA 

<-»^lo !»>ia^-»- Ja «*>-4-I | ! ^j •- Jj/Ia 

|«J 4. ,„>j JjLuJ* UJjj JjLup ^ j^4* 4 

*i» .(U- 0 J£-i) J 3 ,.> ^] jjju-L, 

3ji > .»?* j_4 , i>, .«> SjAiiaii 

^J^]yjt JliLLub 

^Jj ioojj (%j .(jrijL 4 £Li 3 jV) iiltfllal’ ifjaiVl 
4t J» jV> 4*iLpJl |*£j jjjJJ* a*J4 

. JjL* > 4^lAiA)t j»tjbfcifa*lj clu^l 1 ^J^\jL4 

i Syphon 3 ^AiLaJi jjla 




cU,0 c Llk? 1 


vLL_^ Laju JLuJii tt-obaJj JiL-J 1 JL Ia^a-uJlj JLajj 

^JLcV J) JySL^j A*** j *0 t - 0 J£-i) 4 LmL* ^3 

^y» $ . 1 ( 14 ^ Ifl (*J .aLuiiL*]* ^yic. 4 iLi 14 . 4 aa %A 4 jLutl 

*LULj>^ J*jL> Surface Tension jl£Ji L^ul 

«Ji^ji 4 eltlx 4 jL£ > t .ulj ^Lc JjLuJ* 

IxLJaJl Oj-^i o' ^ +J S| r^ , 5 (5 ^ ^ ^ « Jj^Su 4 j^Laj ^Aa 

tj) V) ^jyuj M3 w jl*U' a ^^jli^J» va 

.Capillarity ^i/Jt k t ^ L>- L^ji JS^Jt *uj*> 3 t »jla 

^34 4 a ft . ^aLuaJLJVt JjLbJl LLjLLjJ^ cL>y• > ».i Aa 

>x <Lj 4 a ^~>LAJ 1 £jl^j a »4jjAjV^ juU 1 Jjlu JjLuJ^ ^tLau-* 

u Jl •iUUl ^UIaaij JLa-rv .Capillaries 4 j>^Ji 4^.5^i «lli OUJi 

. 4 jjLlI 1 ^J J^aja 4 j^U< J -4 ( 4 jjul 4 ^uoll^ J4 4 xi Lcj 


^1 UL^I 






















































>>»mi (J<al 


gH 1 -?— 11 


^LuLaII 



i 4 k <nL-jV1 i Vjf • 

*451 ju bjLrfe.d MSli aVTi V$ iialS S^La j£ t £jtl‘ ♦ 

t > iltnl) ujjLiV 1 /^L-J 1 ujI<iii»V^ • 

, UL*j ijjujSs 1 ^pL_uJ> (1) 

/JJ1 Jj'luJI i-MkSJ ^L-u- 4 L^ii/La jlt-1 julc, jj>uVI J3-jl : ^D 1 JiluJ* (uj) 

^3 jlV^I i_3^L^ll I ilk 

JjL-iJI Jh L d A-*> 4jK3 kll^i ji d_4jLi_4 */« »i»i^ ^1* <!» 11-0 LseJ 1 ^A I • 

.^aJ 1 L^lLiju ^Vjjl 

J^H_i \ jg. i O jlill 6. 1 *V^ r^iiL. 2 1 mLgjj ^it ^ I cL_^aJJLJ1 ^JL<j L_3L_<J % 

Iju 4 SJL ^$ . 3 -Lr ^ i \ t a j$ti} 4 jJ \ a i f I 4 a 1 i.i.I,I >> Jj1 >*11 ^_yc Q? iit»tf*> A i **■«JI JjJ Jlxa AC„j **tfI 

kgnT's " 1 

: GLJ&MaJ|j J'UI^jLM * LjLi • 

Q — Av <\Aj}\ a ^ A JL^mi JM3- V 4^/jUO LjLuiij JjLJl • 

A ( v ( = A, \\ = JbjIj-oluiVk iJ-abt* • 

Fd 

T} ^ — — .iiiAail (Jtjll) (?7 y P xiLl ,>bt* • 

Aj^j^lh V 4■* jl^vT l 4 ^ ,u * A .^tLiiLa ^.nj ^ t /.-. I 4^ ^Tl F >"ii» 

-^oiIIIa 4a^UjJ 1 LTui^LaJ^ Li! 1 iiUull d ► ^.o&ll 1 iiiaJ* 


UL^I 
























41 < ill I 


i U-« MS 

J^Li- 4 - Y 4r-A_^!Jl -Y £jU k - \ 

t JU11SUi^it Loti 

3j^XjV^ ^.La< 4_>-Lajj^0 K.4 L u w SL c ' w u LuJ 3 j^xjV^ ^ mLaxU ^ I JLlC 1 J_jL-uJ 1 w i1 il«. u 1 “ ^ 

I ^ill 1 1 ^ 

sjaILS r^il-r 
Ac^ Lf*J ^LixxlajJl u >^ju ~ Y 

1^| ib^AjVI J^L-* Lll 4 _£.jlxa i _kiii-^' 0.002 m*/s OjLj J. 11.41 i 4 j^jI ^ ^L* as ~^ 

(20 m/s) 1 cm" 

13J l ^ iA^-g ^mi>i 3 m/s 4 _g,^ iui 1.2 cm Ia 4 ^ 0 ! *Y 

(0.4 cm) 27 in/s l^U dl* ic.^ cJIS 

> fT in 1 jLS ^La 0.1mm jlaA > fi.^i 3j* * 1 ^ 80 ^J; wi 1*. < j ijbjv-i - Y 

J? ^ jj 1 izu >> 0.044 m/s f-ii) 4 c.^ ^ 0.035 cm Ati 

(0.0067 m/s) 


B JL* ^j-id Alrk^n -llc$ 10 C1TT ^ aL^j A ,JL* Al^'i JuX. 4b4-u'l *Li 3* 4^>Li-u^o -£ 
(60 m/s) B _Lc <uc^mo. 12 m/s A -Lx. *Ul <idl£ 2 cm 2 

c-U 1 CuLSa ► 4 X 10 m # (jjA jV k j^LLJl Jj-Ju Aj$-u1 3 m A-t4 1* a -6 

2 x 10 4 m 2 <b \^111 l j 1 Ia2< 4.^1 i» 4 ‘2±±aj aj^jVI dJiA iA~ L4iUc. 2m/s 


(4 m/s) 






































&I3I SJs-all 



































































































'JL*' 5jl> jji 



^LJI J^iJI 



J^4 3^ *1^4 3uui^ilr iS^> ilL^- ^ja jlill %Zj\Ay^ Jl willjjJ JSaj 


t Jb US’ ajl»5 »^Jl iS^‘ 






4Jb*1 IjoJt 




>t Ja (^JuJLSU«t Jl»Lu (%)Lc.) Brown u^tjj ij b Ja ^ju 

. 4ijt £+ m.c ^ja LcjIj ell* ^3 4 a1jlU ^Liil* f>AVV f Lc. 




44JjkLaj JjLALfcjVl 4311^4 (jU jt) ct^Jt slij^JL) 

J^J^SLI* jplij V4 fjLxmj UkS.^>Ua-J‘ m ^jlLxu^j Jib I 4 cLu<* .iuu’^Ac 

idrk^I i jltU 14 sIiL4jluaI]t jjlc J 3 SL) U jJc$ . JL>jlU ii^SLL* 

^ JjjJtJj Ja $jlm 4lj3^ Jli 4 JjLLIj c_bL*J* j4 JjU-aUaUt jjlc Ja jj& 4ut4 

- 4iljyfih t »Ai> - jUJt JiLL>^ J) tilfi ^3 uuUii .3^ii^a iJaU-uI ^ 1*4 jL?o! 

.() - " JSJi) JjJu Lji^IlC juJuJa 4 ^jLuxU< 44j^ 4 t 3^?- 













































jJ taaji 




suion 


» t* dJj jA L yd*l*juLMJ ji A 

14 jJoLua Ti l^Sj^ cllj )3 iij.* 1 a*a iS^> iJL> jlkJt vLLljJ^- 

♦ l^J^l^J ^dJt cljy< m Lc£ 



jU)l OiJj* 0^ *;■::)! oULJll 


vLliUjg UI>i jliJt ^ Jilil^4 vill>»l JIaj* 

•^US 

JUj^lS jUu c^JU J^i-T jLJt-4 *?Luu*SLja jjLlllt jUu 11 ,iU tjLJ*-* Ijjl^- 1 lij 
JL^U clwii) 4 j 1 ^tn j^Sj jlaLHui >u>^ir «(T—*V A) 

JLJj^Jtf jl£ oW U jjuJ u . t Jji>> JS VUj jLUjV* « ^*Jt 

Jjl> 4JL^>La vLUiL^u# 4ll^ I * ^JLc ^ ^Jj - A * *» -iui L .1 ? *-S^ 4j^_£ (*i.j • JUL^Jt 

j^luuu JUj^lS 4 j^SL4 AjLIjJ^ 14 .1 ^ 11 Ai ^ • j si AI f< jLc JLLIjJ_>- 

^Jj * 4iU£ J51 4 j^S (*ij - j Ax?) jAjuj L*£ .^^JjlI* jL xiil • 4 jHjJ^> 


1.. 


alo'i hi o II qoi i logl l 


^i^i^iul^i ^ULaiJt 





























































WLimi! adL^lt 


i jJL>aj.ijljj^JLS jlx w >aj 4l^LJ lJ * ^LiL^ll Jiu«i 

.^JLluJ* jUitl » VtcU AjIIjJ^ ^>1uuj ^jJt f 4 Jl>^*Sp juj^IS 4j^Sw4 AjIIj^ 
Ja ^jj l u » 3 ^ju_? 4jL^Us JliLdLu^4 L^Jjlj jLkJt J* *«■» 3 

v-jLJbI 4h 1* T4*>» 1 . ^31 1 4.1 > >L! *_j)jLjlJi 4-iLLj 1 jla . 4—juLj* v-jLJsI **Uj 

' >ll 1 t j ..A jJLJ all. jUJt ."tl!lj » UjjliL) £ 1 ‘ 4 .Ct l AjUU^JSfcl I 

.jliJt 4liAj 


;ljL*J‘ JwU'>S 


*jV JJLOJL4 L 4 jlkJ JJL4 jJ| ^Uull 4^1 JL^l' Jv4 J-u-a < 

«?JLA JL 4 . I 3 I 3j*^5*1 t lajL^aJ* J£ j.Uk.1* ^jJlIj Jl JSLo jUJt (*3*-*- 

Ijl^* Aj. 1 • ^ Ui % ^\\n l^JaLLi JjSf jL4l^_9kIt ill- ^ja j- jtA" V 

.L^JUaJ 

4jMj » jLkjLc-V 1 s _ y il jl^U (jt w .4 *1 j 4 L* jLc. JuG «<j^V 4 

JS »4L^lJl 14 ujjbu JjMj jl> iiUjJ .3j*>-5^ * 1 ^A 

Jij iiVUJt iuJjjJ 





LUt 


H- 


cri>4- 


1 i 


A •—JjGfel!' C-Ufc . .Ulil' 
Jxj4_s!>L_^i -\ 


Jo» 


4 jj'j _> >) ale. 4 in » i.-i 4 

-Oi* 1 o>»li) 

jUll iiMjJt -Y 

O^iLJ) 4l^» J? xj JLuC r*- 

.(JjL5< 

jl—kJ* LzJt—Js Jju 4__jJt -T 

<.4...>.^ JbX. <Jjt iusrjl) 

3 ) Im wih J^jli) 

jJS 4-10.*jJ ^Jb J$\jULLUM 4 


^l^l^lUL^I $ \ 







































bjtjlatt (jrtit3-3 






suion 3 jl>»^ji 


(Jj jU j *b*jJ w_$kj Jjyc. 4 h 1 j jUJ t J-U 43 j Vji 



< *liC- ft jLil JdijO j 1 ! 1. It A 4-3 <Lu, k jjJ 

^Aj (A) i-L^ljj'j ijj .i*ii Jv* .(T - 1) JLU j jL^_3tl 1 

Sy* ( B) 4b^ iMj ( A) <b^ i^V> J-u£L_jL> * ^1 k- j ^Vfl L^cJjJLj ] Li ijj i_\^Oja_4 

^y4 4xj_uC_4 &±.*S - la 11^ j. k 2b^-kj1 id t-s |J A< 

^_U>L^<» 4jMj Jk j&Jju 4Juiil 3JLbLi Jk CuJ-4 (iJT j_ u Ij ,*jL5 ^Xju^uVI q 

•J^L> 'Ub a-S^oJJ 5LLS (B) , L*1 *j LlujIj ,-cJLoil Jjl?- L^JL^Icp j 

^ ^ 0 SL 4 J 3 *Jiul 1 Jj <jJkl -j 4 l fOjUlJI 

1 dJLs^M »^la I ^11 JtjLxJJi 


/J3- Jk^l a 1 ^Jkl (jjl (B) db^JeS ^ (A) 4>jk>Sf1 j^-uuua JtJ3i 

k (iY-% A) l^kuaJL* >iiiT (A) Sb^LjVl ^3 ^j^Jl ^ti^jj 

k _L?- k ft 1 ^ 1 * L»E^i 11 w i ^.<\Vl • 


4li^A CV ol )i Ji^SjJft > c'^il ,*j«- jj-u-UiJa (A) jj^jL^> j^iii -T 

.^JLc^jLJk 4t^ 11 .>A3 4ii*< j±i\ P a cm Hg la_iAaJ fc ^jjLLnj P| ^iTj 

^ujlaj ajJLkj 1 (t > I ^> 1 4iiuji 3 ■ ^ ) bull4 4_sLi_ii_4 1 ^Jj (B) 4 _>^_lj^I <l£1 

„_} i 1 ^ 1 ^** k*u ^jlj £Lu^V* ^ tj} “ l ^ 1 j?~ * (V 0 ,) 2 ^ 

JSLl) P 0 = +■ h 4-k I li43 oj 5 J jjjuc .3 .h 

^JLj ^yJl (B) dbji *r h J^Sri ^yk- 5 >-4 43jL-tJl b? > jjiSj - i 

.^bljSJl ^Mrfni P 3 . (\ 0 |)j Jjjuu ft 

J51 (B) ^ j-L-u^j ^JL?- JJl-l^'1 ^1 CB) 4j^ 3V' clJjkJtj -0 

^ -fcl 1 tl^jl ^!3tJ5- .J » U? 1 -Jjj lliTj ^kliKT \+ ii ill 3^la_S (A) <b^_uVl < _ ? 3 

^ s iiJjJ‘ jjLi ^LiujV( h 3i- > i P 4 = P a - h 4 jL P 4 4 ^im ^"oj)4 

^C^T-'v JSAl)^^ 

Ji^ul /^ll (B) 4 jj> ^ >V 1 liJu^cJu jSvi Sj_4 iijLuJ* j^Sj> 

, 4JULkSLJ I w ff A ) 1 J - , ( V ^1 *12^iSj^ ^ 



alo’i m 0 II qoi lo^l l 


r- r 


^lili ^lili Juii ^bj -Lai) 































OlljLill (jgjljjs 




Sjlj-oJI 


201011 SjLvyt 



Vo, jlil* (%*-*• Jjj AJliUj iiMc. (4-u.jJ -V 

U « h ..j l.'i a 1 ^JLc. MjuC4 

V > J3_?el < ^ >4< ( — ) 

.(t - -v) js-ui usixi. 

I Ji ^vJuoj iliLJl aJLA Jy»j 

1 

v ol oc p- 


JduLdJI jUJt iru 4j^jJI 


I Ojfci 6JiA ^yt) 


4>jl u^4J 4lrt» n~> V4 1 t nCf \ t uiij i loilij jU i jA ^>1« * jtjU_4 |CL> 


• Ji# >A ’-la« 


•U* ^ 


const 



i o^Sj -LlIa- 4v<i tS.i J^jLi 4c.huo JjSaj« 


P V 0 j = const 


(6- I) 


tjljui -4 jU Ja 4 l.i .«4 4 .l»S! PV (( | J^> l_?- Jj^Sj 3 ji jjJ I iUfjJ Cjjjj -lie. 

.ILG 


: uJ-LuC jLjJI s tU>v->- ^ I j ^ j \ 



<kiL> O^J j(JJI ^ Sjl^l ^1 


3j<^_5feJL» J.L 4. ■!> Jlit jLJlJ( Ji (*JL&J 
jjlaIj Ja ^SJa . 3 ^ 3 ^-Jb 
lIaj ^4 4 <flll Tfcl * tLljLJfcll 4J^l am It< 

v OJL2l 4J f l 4j*l 444 i 4 jJjLLtJ tlbjlj 4 J? 

) 4dllf*.4 

i 4JbVt 

JULU jljLuiJ d^JLdUt* u^4 JSb 4^^Jbj L*Uj 

















































2cm JSLi iujli J£ui ^Ic 4 kin 4 ilr^L^j 4 j^xj) 4 I 4 

. juu-yX' ^iU> }\ c‘^jb b^U* ...CsM > ic^JU* Uajl*-) JSjJ 5 i 3cm 

.(0 “ 1) JSLi ^,3 US iU 4^ o3 Ua^I (*j 
^ jt,i 2 4 i^v* ^ljlIS cU < j \ UiU) -r 

. u^-4 js ^ j^sy* -Ui>- 

JjLj Lc 4 JjULj^Lii I4 J^lIiUii-4 JISj^Ij ^UjL.V 

^wJllj LfJjt>?" vl^JLOJjl *jl 4 J*Ul14 jJJL&4J JJUJlJ 4dll^l I JjtjLsJ‘ J)4 4JaUlH» 

. IjL^-tj l$J * J.uU< J4U4 Jl Jy4$ .L^UjlU £4 j‘J lIIJ 

t JLjlj I 1114 jUJ ^jULJi J^U-4 

fij 0 °C y§ <»> y ^ 3 -iLjJJ* j»jl-o _4 

^-4^JIj 4i wUjIj cUj £4 4j^U 5 4_?-j j L^j 4^-jJ> il^aiujl 



(tty) 



jLJJ' (CJL-^ JjLJ 4-JSyL_jJ< 4_ 


^JL5fc-L-yJ 4U iuJ? 4*i JLuC. 4l3»}*} 



^Sj^i3 *0 VI) JS-Ub JjUl jUjt 

j*- 30 Cm V*"' t> 

'^•’^ l^j . I ^ i i&jLa jl^I ^y* 1mm 

••>4-1' Ja 4i «*> ^.i Vi Jj» oJLzi 

J±A±AjZ ill 14 4_>^(_>V'4 . 4j£_ljSM Ji>-'J 

| J*- i^kll ,)4iiLiN (bj 4 L^jJL 4 ‘“ 4 w '** 

--i*J 


dlljL^cirl . 3 u»t > 



^4 jL$_Se)< ~> 

, i .v I’xj Js}UJi V_4J* 

4 1 mlL* i‘J-L& . jl ^ nl >yt JL>i 





tfjj\jil ULttll 





































Sjlj—»tJI 


iUItfll 3jL»y) 


X>i 



JjU^U 

L UJI OjJ Jut *jli>j-v <TjU 


.0 C 4J£ojV* J>b cl^jl 

4 jV *jlaj (V o| ) (rc Aa.X Jfc? \-u^l V d 4 ^ Ij * ^l 1 ^X, ^Ll) -Y 

. *Laill 4^L^I14 4 j£ajSTI 

m Ja^) ^JLlI ui^UJt ^ *U jL^j j^-4J ,*j 4*U,tj -ijl l.^ Jt JiMil* £^Jl> -T 

O 

J^Ia C v-Lij5 < 100 L 1 ct^Jt ij\4 j>j± Qx u\ t 4a a*\1a dJL4 jitAT >Vl 

• (V 0 i)joo*c L-wUuLa u3cIja t c’^J' ^>4Ji 

JJLA JL3fcJ * (c-A “ " JLj) V c j JTU 4-5 M-C (±amjJ - t 

• -21 VC 44oi JUA ^yflLfSV* I «Ujj AjUS » Jgi34?t 1JLfc ljJJL4 t .(4xaliAc4 ix>- 

I ALlWi^ Jj^xJ JLlC c‘^JJ JJLoU* J^liL4 Jjl*j -0 

( V ol)l00 - C ^ V ol)o*C 

“ v= (V^VcX 100-C 
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mm,* 

Sjtj. ^ I 4511511 3jl^j1( 

. JSJ ■ ' (Xy c'^JJ ^4£«_9«ll J_U_Ut J^*l«_4 (j\ UUf jJ&f 

t f W 

4J^l AM I 4 ^jpl A A) wlbjLl IlUO SLflCflfct I LjljUJi ^yA 4JjLyaI^ ^ ^ ^11 jV IjIlJJ 

« ^Jb U£ JjLl jjl^ . 4^uil> 4rtll^l t JL>* jlil] ,^4^)1 jjujJ) J 4 UI J$SLj 


JjL^ ^ 


jlIc ^JLoSm l^, 4 J t- > Jy* 273 JL ^V jl^. (V^ u;:.^ h <l»^u jlIc 

jLc *u 4 jl* ^Vj ZjL^ij 4jtjLiL4 ^Liujt JSLI 0°C 

>* 


t 4 w^>vjk ljj+j Jujl jUJt JaAtb ^3 ^ji 


Lifijo jl^-Lj .4*. ^ >• Cjj-aj juc L-4 jLL In* Jr> ^jljIj 4_<-JjjJ -\ 

• 0 JSuj ^5 4*hllS (B) i (A) jU11 A 4j£aj* 1^*4 JUuj SltjUjJ ^j. Ua 4 

JjlIuliIJI ^btL^ui jUjluJ JjAJ^Jl jA Ax^ylLi 4JL*£ 4jJjjVI Jt Ik^Mj .(V 

I c’^J* llAl4 JjSj vlUjJ .(Y) 4 (X) JLlC (JjJLutJ* ^ (B) 4 (A) 

.(IV-"i JSLi) tj C J>SLIlj SjiL jaL^u* 



LjljLill (jys \J uaaU 




Jlixu jual JLxm—aJi ^Lc. ’ j5* 

































































5 jt>Wt 


usual!) 


201011 3 JL^^ 1 I 


l34j)Jl jI . t-, C 4 jjIJ> 4>Jj «U 4 j ^41 ) -V 

.( v v-1 JSLA) (B) iujullt U1jl> .(A) ixjullt >U*iYi »JL*J 

(X) <4^L«Jl (A) 4111 1 ^U... ^1?- «^ai< Liijj ■ ■■^’» -T 

(t,°Q >4>i <U«- ^4 (t2°Q ^ >a* 3jjJji ^ o->o«l < (W- 


(A)^i 


^Jju ( B) 4 i % ««?* — Ji -1 


4^-jj ^liujV 4 ajlu JitjjJ jlS 1 ct^J' LiL> Ji ^JLi Jjlj Lt* h Cm Jjljl* 

*(^v-i jSLi) h (cm Hg) t 2 °c ^lj t,°C > Sj^t 

S>4 J£ ^ ^iili^-4 jUu j-4 3 jlc 44jL^] 1 4jj^tll< Lo>*-i lijj -0 

(j^iu] 1 4^jj £liujL) vIj^oj y jUJt kL3 SjLjjJ 1 jIjlLa Otuju ^3 

t ^JL; L* jin) liili jt jLii 1 

* 4^»jj £Li3jk 4t*\4 jtjL4Jt jlIc • \ 

OaJlojjI tjj jl jLilt 44123*11 ilitjLkil ,^Tt I U 3 *^ ft . lir -T 

. 4 j $\ ulm 1 a ^jjL44J 

0 C 4J^jJ JLlC Ut^l i Sjl^-a ^3 S-ib^Jt jtJUL4 33 ^ 3jU)J1 

Cj^aJ JUlC l^jjl4^-jJ OaAAj lij 


* ) 


ZjjLul AjjI<L»j 1 ) jLi)' . 1 ->■>'■> Jaj : LLJLj 


^Lilt ^JLaV* ^ 4«2ift t-4 Ljjjla ^IUj jUJt U4J» 3 jU)J 1 Jl liUr jl^$ 

^Jb U£ t jla >uuj .(At C) 4jj1^ 4^3 £UjjV» j4 dUa^ *(Pq°£ ) 0 C 4 s*j± 

AP oc P 0 -c At °C 
AP = pp P 0 * c At °C 


Pp= 


AP 


Pc-cAl’C 


( 3 - 6 ) 


vL^AJ JLlC 4j 4>jA 14 jllJt .In3jbj J^ljL4 335 OajIj jtjL34 Pp 



































ijyr j^4> 


^ 4.4^—^ Jj^-u jlIc jLiJl l^ui 3jljj J^Ljl4 JjuljlII^ 
£L^*3^ (A) iJ- 4 v^-413 i(A -*\) JS-uJl 

sjM- £*±L a >Aa . JjuLcili JjlIjJ^Ij JSLi ^Lc. 4Jui-b§j ib^Io (B) **>*-<£• *j>ajU J-uxJu 

JpUxJbj .St^.3^4 ^LaLuuM 4jMj 1 4JLOd) SjLilUj ^Jk. L* j J JL> 4,1x14 4 JLlJj 

Wl A a L4 l C 4jt**l4 Ju^aJL Idlixlt J-4 4j£oji (B) Js ,*lo 

Ji—uJ ^J jl <^Jj 4—S^-*U ibL-S (C) 4 )^, o V»5 .(C) 4 jj-uV1 

JJLA ^JLl iixl* 4 j>JJL4 SjIaam* JL?-^ja . 41-l-J^Jt 
i4JL)Vt Jljt^Li» Va.1.)4 

. jJu4^jLJ1 4jjjfeilt ,r.a5 tl Jjlju - > 

LLjIj 4 L 4 ^ a Ut c j ^* JLLjJ LLuj <L4.y> -^- (A) J^-jb -1 

J^Ljl^ JLL 4 I ja-u< ^aj^JLI » jjlcJJi J^L*_4 Jl da-?-) 3jt* ZLjLj-jj 

.(^LyjU 1 jJLtlli 














































LjljUtf! jru! 


*a2th 




womn 3 jl^ii 


^yuf*- ((_ ) I VyLll y 2 1 rt a* 1 j * <f i*V> |«J 4 L 4 ^_wL£ y 2 (A) * * ttl.l j> 4 Vt 

.(X) <Ui«* 4L4 >Lc j^Vl ^yiJ 1 tjyb A^L^iU 
Lj1j2J$ 5j \jSti> A^-j2 CjoJu /-It*- A4-ljLl 4 SjL^ jvtillj^ Jij ^yT*- ^ISDl ^ ctil ^v3cjoJ -i 


. ^yu-u-LLi (Jju^lII J^ylJ k gU i u Ulxj* 

yrfj jL»-lu ^J-3- ip! (C) VI ”0 

llloi yliijJlM im _ r £ yUjJl ^**• - ■• yiJ ^LdUjVl <yJu±J . (X | 4.4 ^-IjlJI 

3-^J 1 liJulaJ* ^^LuiJ y2>$ > (P) JvSjJcj 1 irt JJLfuj ilLfj Jjp4$ , (h) 

Ah) £L2uj¥l ^ ^yai fc 4 jJ 1 liL^4 (cm Hg) 


V*H fOjJL^fcll l£KjU$ yLA-^uJUl JJl-L* k t _ =r Ij ( C) *>*Jl l£l>SfeJ -*l 

^xSjJl ^La-I 2-aj^j <>-*■ i^ic-k (Cl £jJtl\ iiij-9tj |«J < 90C" Jl'}*- ijli 4tjj\\j^ 

Jdb ^Liu^VI * jJlgi ( *$ -(X) ^yL^uXb rtl £yiJ1 


^ JJfc y3 > c^J 1 


» ^ cJJi Jy4 0. ,/>!£, jiJl ^jpi yujJ 1 ,,1 


L U.<»> Jy4 J5 4Aiiifc_4 Sjly^ ^lslyj_i Jllc- 3JL£. ^LjlJI J-*3tll j^Sj “V 

^Li>4^ .lAJi-ilaJ>j | v y iL^ , ^k jy2*l 1 cr^ Sjkj^ftJ 1 lLL>-j^ /^Lj AJljLu 4J&>Ll (^-u*yi -A 

l^< i j *1 .‘> , j j4J * [<;i^i.i i«i.4 i_S>LmJI ^j k JL^‘i *1 

lAiMAlk ^ Aatc^- uljyj jlk. jLill 


p _ ^100 a c' Pq-c 
p P 0 - C :x 100 


(6 -4) 




























kjtjlatt ijruljJi 




sjij—^ri 




- j^LuyJ <—4J«- .X |£ c‘$ $J> UiJ> Sjbj J^i\jL4 Jl ULiX. Jl>4 jlSj 

M / •/ 

Jcxkud J^Ul4 J) jjj*3 jloJa . oj\Jlaa ij\ 4-*>j.a £liujl JSJ 

. 4*JLdJt ^wJu <1 J 3 S 0 1^4 Cj^xJ JUiL 4dll>l » tZjljliJl 

t^Jb Li J-UO<jl xL 3-)L^?> ij^tlll TLjIIj Jvi JjLoJa 

^3 4La 4*«S Jvi - jl JlLcJ jLc Jvi ixJLJL4 4Jl4*£ L*k 4 J> 1 JjJ-U JUH 

J^jLs t jlAa .4_r^jj tfji.xd 4 ^ £Lajj( JSJ 


. ( ^Su*. ) JUaJLt » 


JliL^jj ^jhi I 6 1 4-^J 1 (*?*->’ (j^LiudJ (V - ) JSLl-j Jru-l* * ftJLxJL^b 

.4^11^4 3jt^- 

I 4 i ^ut^ j}y ' ^JLc MJL 4-4 ’ Jju 4JuUu iiM-C. ,%** J l il£*j 

^3 US IaS- Jk. V> .^iiSn j>^i 1 ^yj^LLM jljjJl! 2u»LL4 

J4-3*-4 tln^j 4 jJ JL5*j 4Ju4l A i jj ^JLc. 4 1 «*l< Ijl* Jlaj .(A-1) JSLUi 

.(-273°C)jl^ oj\ j3*}\ 



JjLl ^ja jiiS’ ji-jj I ^Lii—! 



> ^ 





































CjtjLill j'-u* 3-2 


Sjlj— 




201011 3Jk»y) 


jjla J.l*.<l> 3 cr I^-> jL$_> 4 jju 5 *j 14tig "■ — ^yll! juLLIb 2 uLjlLuV< J£aj Lc£ 

JJjJ u ^Xc. 40* LL* ijljJk)* k>jJ JL*.) j ^ j.tl I ^le ixHaJ 1 ^^L*j . lliLlj gjlUJl 

.Q *-“) JSLiUl ^ US ( IXaLul A laj- ^yic. (Cl) jjjuc >0 ^VI > ^JLc. 

3jl4jl <L«LaLu>I ^JLc «>**■->> laitl* Ijla jl* Jucj 

(-273°C) ole >V* *a 



imoi 

ijj> Hjf J+ J ^ 1 y -^ 1 


^ U-J^! J>*>Jl <jSLo J5> Ojfcj (> •-’1)3 (^-*V) JllS /J l Jyi 

3) w ,a L * JjLaj 4 -^-jjJt CJuSb . -273 C 

JJi\& 14 4 sjr k- i^-j^3 jUlI‘ .LiJfcjJa 3 v^-> L&julc, ^jlaIj 3 ji v wr*J t 

.^-JLoJU w^ 3 il Jry £jJUj C ^5 Uiy Uj'j iy^3»4 







































iOJUJt SjLv^Jl 




4-4 ^JjL4 


j>ur > ^ v-t t 




j^-*i * oj£j 0 • • 1 ^ - 1) ^JLSLil (**u<j SjL-cJ JSLo 

ju*.4ii - 1) JSLi )(\\ - *V) JSbi UjjJ J^S^i .4^1Ult 

J-4 4jLa jStjJt ^3 jSJj i P“ 0 lajL^aJtj V Q | = 0 i <j\3 JjAZ ;* ^ ^ 

V (%j J -43 i^-JLd LiLx-^i 3 JJ>Ll* J,j *iujLiJ‘ L^JJLrtj SjLU JLaj V jujl^UI 

4u**s*- y - ^jJ* jUJl jufc ^JLU! jUJ 1 cJoj^ju JLfl dU jJ a . JL»I jLiJl Jry^ wi 

dUL> 1 Jru ^ 3 -Ul LJU-aI Hit ixr>-}b$ . jiLai 1 jlc 4ln mJ *5 


. jlilb 1-4 jUbA JlUi jbJt £LuuL*1 ^3 eb^U 4uuJb JjIIj^^J < 



C^U filial I »jt4j» jju *SXz 


w^U k.».> XS- *iiixll »jl jJ-l «>jju 




•oJb U jLlc.Vt 54>*J J& jbo^fj 

0°K JjLSj (-273°C) 
273°K J.U. 0°C 
373°K J*U3 100°C 

(6-5) 


T(°K) = 273 + t(°C) 


•o* (^ 







































j'-ut3-2 




3jlj-^l 


iUItfll 3 Jl».$JI 




> -Jj^ J>-^' oi (*-*\) JS^JL iiUL-Vi 

ADE.ABC jillUi 4 jL 13 

BC = (V ol ), 

DE = (V ol ) 2 
AC = T, 

AE = T 2 

V 0 . - T 

Yol = const 


• (V„|), 

(V „,) 2 

T, 

T 2 


( 6 - 6 ) 




4-^jJ V4 bj,jia Ll^uIIj jLc Jyi 4 a k % 4 4U^ (W*-^ V 

. JjLi J^jLU 4 >Va^> 6JLA5 . JhSIS JJjJL) ^JLc 4 jj 1^> 

Jb. JSL*j JiilU* 4UL13 (\ ♦-1) JSLDb 4iUI^Vb r r 

i42)Ia11 


p. 

_ ^2 

T , 

T* 


2 

P 

= const 

T 


P 

OC T 


(6-7) 


•u» 


t j^Sj iiilju^ 

4->jJ V4 b^jXa l a a«Llj jLc 4 a La. 4 4-L*-^ llLui uduilUj ,aJt— s*l * jlLc. 

. U%^a h 4 jll^> 6JL&3 . Ttjj jl> 4jjI^- 



































LjljUUI (jrut^S 






2011311 SjLvjJI 


jljLii) f Ull J^jLaJ' 


(%Mt) t 4 jMj JjIjJ^lLaj 4 i 3 JS^cj La jl£ Jl jx-l* ^4^ L>^ 

. JjtjliU ^LaJl Ji^jLil* AjMLM JjtJ jlj lajjj ^Ut 3 »3j‘^s*Jt 


3jt jk-^J t 4 j*-jJ Jj^aJ JLlC 


ijb US' kl»t jliU ^LjlJi J^jLaJt jlilU.t ^vS^ua 
1 


V ol- ? 


Vol - T 

7 »l « 


v„,« I 


T 

V 0 | = const X — 
P 

PV n , 

-—= const 


t > |(Vp|)| _ P 2 (Vol) 2 


Jj# 

JjLi O^ili Ja) 

I jl jin > dJJj jA 
liiMaJt *?JLA 1^43 

•o* 

( 6 - 8 ) 


.JjtjliU |»LaJt J^iliJt ^ tjL*3 


ca 


91 0 C o i < 4 ^v Ui 450 cm 3 ^^JL. 


(V 0 |), 


3l> jl£ (%«■ ' 

SlLlj jLaJ AlnkU q\ w vi»>u 


(Voi ) 2 

450 , 


273 


(V 0 |) 2 273 + 91 


v > = 450 x 364 =6(X) cm 3 
v oi/2 273 


J^Sj f*Sjb 293°C ^jJ) 10*C ^a > 4 ! * o* >-*J «« -t 

IJ-uU 4UiiA Ji w J> v Jl) 








































jr\jt ^2 


fitt 


Sjtj—»«n 


SL*Itfll 5jL»yi 


(Vol)l 

(Vol)2 

500 


_u_ 

T 2 

273 + 10 


< v ol>2 273 + 293 

, 500x566 ^ , ,. 

(V ol ) 2 = —ttt— = 1000 cin 3 = 1 liter 
2o3 

2 ^ 130°C jIc. Lki 59.8ciuHg 26°C ^ ^iil -X 

Cl)Lj <j 1_> inUJl 

?l = 1l 

p 2 t 2 

59.8 273 + 26 


P 2 273 + 130 

0 59.8x403 _ „ 

P, =-= 80.6 cmHg 

299 

Ua> 60cml Ig k*.». .'•» “. ■+-"*y 27 C 4>ji jli. jjA j>jlL< - i 

JJju 4 JU£. jjjSj 380 cm 5 


273 °K 0°C Sji>*• 2^-j.s 76 cmHg 


(S.T.P) 


P,(V o] )i _ ^2^01^2 

T, ; t 2 

60 X 380 = 76 x^ 01)2 
300 273 


(V 0 1>2 


60 X 380 X 273 
76X300 


= 273 cm 3 


^01! unall 



































bjtjljtf I (jrtJt 3-2 


I 


Sjtj—*tJ* 




<aJ r Ll In m »l*k t E jj^SJ LuJLlC 15 liters ^JL^- jjJLxU I j'l-C. jl > .'i 4 -0 

4jl^ laiulxll L)fi-£ La JLul 10 lit£f$ jLi ^ 12 ctnHg 

t Lul iLlj ^jjljJl 3jlj^ tils < 5 liters J^JLj *Li) ^ liu-i $ 50cinHg 

- .In »iA _L> 

5 liters cLjyi 4 ju* ialrtJi ajls Ji*lJ JUjUJl 


# o^j'uLt 1 ^iLaj ialiell JLxJ j'lC. Init.n ^LfcjV 


p v 0l = Pi (V ol )! 


.\ 12 x 15 = P i x 5 
P ( = 36 cmHg 

4^A*i‘ i.iCVl jLc. ^ ^LrtjV 

PV ()1 = P 2 (V t)1 ) 2 



10x50 

5 


= 100 cm 


He 


^ Js (jts Ll^J I ^it^A.Utl ^4^4 jLuJ L \jjli. i^^l3e-4 /|l Uj« 

JojliJl ia Jl 3 c.<» 


P = P , + P 2 = 36 + 100 = 136 cm Hg 





a I o'i hi o II (Laj±LoJI 



ULflJl 

































LjljUfclJ {J Agaith Sjtj._>Jt 



i 2l j <iiL jVI jtji aU tlj i rt >j i mjJ I-^ 

fjLuxZi US ^xJ' ^ j'!-'>*,> x-a ^Luxxj o>*jujy< <LUl)i^.f <)£js>- SJL?- ^_3 jUJl •Jj'iI^t- * 

• *Ljy' ob-**- 

. j)-^J 1 :~.l . .. til Ji^xi jUJl *J“? JUJ <tin» Li .-“lift I . .. 4 _lr > -4-> • 

VuuSx L«_ui Lu jti. ^ iujjuo l-^uLuO Sjljj*!' Cj^u Jit, ■ Jj$j Jjjlfl * 


ijtrviti.-l X4 


1 




273 


yj-Lv jLi <> Ja-^o m'ji ixk, laJI ^"vjL i* JLliL i JjLil • 


273 


,^-ir^l^ 4^-j.a LfcjIJiL* ,>3 £^2 j 1 JSJ 0 C Jlie, <Ur«- 

. Jc^aJs- lI^j 4rtltVj SjljjJl 3^^ j.4 jLdJl ^ JiL'lj 4j- 4^ w^LlL j'l 

^1. Lfl4 S jLil J|i A tr ^*LTi j^5fc_3eJ 1 lIjcu-3 l il C x 41^ il Jj£jL3 • 

,£j^-l$ ^ ^_Uljj1 JSU 0 C JU£. JL^V‘ 41^4^ J>_4 

.Jlijlj Sy^All i>-*_< jl4Ji /jjo 4Ij 15 k iii,LL ^ 


Sjljj J^La-4 " alx, 3jl I S.aL>3^ 

1 


*IjUJi JSJ 


273 


= h 11VJ -lie. SjK^Jl 4^-jJ 3 jL)>J 


^JJ^I <gj £LJ; JJ 0 if. ^U»t l i? 4 4 j ll-ill J>_3tl ^ 


273 L^Li^a 


Jvdi£ 1 1 4 ^1^ 4_>j.a T 1 ^tf%4 P i SjjQ 4l 1 m 4 414^ (4^ ^V 0 1 Jjli 1i| 





































bjtjljtf I ijruljJi 






20110)1 aJ^j3\ 


.SjljLStl! a>jj Ijjij ale. PV 0 | = const Jj^j o^iLa • 

V 1 

h lIi^o JLl£. —_ = COllSt • 

T 


.f^atstll JLjpj ale. — = const iajojliij • 

mih = WA . 

?^SL = const o' c<' • 
T 

.1^4^ H . i\c. ^b-Sjb ^tstl 1 -sb^l • 


( V olVc'^ V olVc - 

cy - —----l>J 

(Vo lVc x ^°c 


. l 2 j£j 3 ‘ ikir> SjljaSfe)I Jib^jb ^b^jl • 


Pp= 


p cc:" P<ri; 1 


P ^Vc x c 


- 273 4. T j^JSJ 



olo'i jiiq II qoii lo^l l 



ULttll *bjaatl 

























CjtjLill jf-ut 
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J-*£i tVji 

ijJLJl J-*^ 1 JUSi OjLuiJ' jr k 

. j. l ju^a j3JL0-<U jLii C_>) - j. U tuJ- JJjO (i) 

. :-i- l v/;> (.:) . Uj\j JLaj (->-) 

: 1l \ (_&) 

ijL3 J^jU ^j^Su L^JlLiw jLt. { y^ 4iuUL^ 4-L^q-S l-^iU«o u^ulii 1^1 ~\ 


^ ^rrT 2^- J-* J^ 1 *J " r 

. 

> irfi j-1 j I Jlj ^-LiC- «LjJL2jLj ^LuJ^ JlI^.i*-*’ — f 

•♦< M I ♦ - ►« 

fc 

4^1 I^iuntt >>AjUil-i 

H ♦ TV ’-r 44 44 

i^Ji ^$0 £^UjJ* c.Lji ijlujJI jlLs) *j } j^ S^bj - ^ 

ci^jl t4a <,oL|3 0 

j.il^V^ i 1 ^^ - " ^Ljj (5 

S£jLz}j 4iuoMl' i^sJ 1 Jw« c’oJi ^ia-Lu ^L-u- 4 ^w3-ii 

^rV ^jIU 1 

(Til) (>_>) 4^^ <*-**'> t 1 ) 

4-JL-^3 I*ii (J) (» iffcJLffc-® (T k \ ) (» 

<l?z JLrt-* l±ii (\) (^s) 

- Uj) |«iU | * 1/ S £ ^ I s 9 L ^" r _J l -*- ^ ^iLlxLS^J ^ ,'T+df 1 4,^" J|_^ ” V 

3TK M cr K 0) 

373 K 0) 100 K <*) 

310 K <» 


£j2lftl ^\j!\ ubaii 

































ljIjLxJI jrulJ Sjlj—<QfLull 3JL>>jll 

* 1-4 jliL ■> : ■ .! LTu - Y 

4Lajuo -_* u4j _Luw ^->ji 1 j—*" 4^j)^ m 1 \«i»v<r [} ) 

4j^I jlr _llc_ <daJLu^ *_4 I ^»uST^ (<_>} 

i>ji>?- *,4 LjJ^nL^ (- 2 ?) 

IsjlJaJI ^jJlj JiIiL (^) 

4ij k >r- j»4ju Jlifc *.4 LUxiSo^ (-A) 

j ,^c_^ <^j?cj jLstJi ^jjn»n xj i-ki^Llijj 1 () t jCl£. jilAJi l^*»A -t 

80'C w) 20 c C 0) 

293 C 0) 160 C (_ r > 

410 c C U) 

s J)Li 1 <L«v5^- ^yJ[ e-Ls-u jLA lij “D 

i iu~ I a.-^i *'*': -j jLiJl 6) 

i -4-k±j i fcl 1 ( ^ 7 Jj ^t^L^i-ij. jLat!' 1 l«_>) 

> tl M ^ » [ 1 ^-Jl ^jidiA V »' 'I l^dt^ ( -^ ) 

1 (.j) 

l iiiir 1 ilfAi.iA.x.rf.,4j j bJ 1 Irt t/i«'7 I ^ ) 


rJL^lfail^hLDQ 

tlijoj jiL*l a^-u *0-4^1 ^use^J 1 jj' ^xjJ> vJxiS ■' 

lI-jLj 4>i •) JJu^ jUJI Ui *.•-> J^La-4 ^Lrt^ l_j-u_? - Y 

SLlU^. Jj^j j? -Y 

tli^u -llr. vLaUjU ^ 4 »••s ^ *u jh ^JU b * ItJl ^ - l 

**A3sJ 1 


a I o'i hi /-> I I ooi lo^l l 


^r. 


uball £ bj uJl 






























CjtjLill j'-u* 3-2 


qua (J 


sjtj-^n 


201011 3JL»y) 


K jJl«*£ ^JU ^Uj -C 

£};^ <4^ ip 1 ^ 1 ^4L< 

,LLuj>L lj ^>'jUiiJ f UlN IiuAiu^ -Y 


293 C ^5 Cx^ij c_a_9j 10 C ^ 3 ^-^- .>4? 

(2 Liler) ,<u^> 

^ * r.n i 1 ji ir^ ^ (.-91 C) 0 C ci^ jtf it ^ dj* -y 

O C ^ iii^ rtkSi 40cm Ng 

(60 cm Hg) 

84 cm fig U 4 u\ 91 (: ^_a j ; .v: ^ .. », .Ai -* 

76 cm Hg 0 C 3-*^ ^ 760 cm' 

(630 cm 3 ) (ST.P Jjju 

^>4 L_4 ^ J> rf 1 ^ 87 ( ^i\ I ^ (' 'Jr* » » C 1 4^ ^S> " t 

(25%) s jk U ,J) 

(“3 C) L5 Aim 4 n ^ 4^ *y* \ • ■» ~c 

j^jsiu 0 I (/ J *« ^ jllaV^ c'a^-1 •“* * 1 ^ 

(1-8 Aim) c>aaj 

28 cnr ujlu: cLd ^xl^u. >JL. ^ 1013m ^Lc. ci^Ji ^ tuiLii -’ 

C.12 , 1 ,j 1 jQ 5 J^Iilij_4 cLS .1 f ' I yylj J J^ ^ j : J ■ 11 ■» • I 

j 1 ■ - % 0 2”"7 (, * -Lj.-^. *7 (. i-. 1 ^^ ‘~~' 1 3 ^.o_jt_i jiui 

1 .0 1 3 X 10’ N7 Dfl" ^ i ',"11 * a ] OmS' A I , -. ;V' -LjjiL_rti 1 ibt_c. 

.(] OOOkg/m^ ;iX' iaLKa 

(60 cm 3 ) 


































J 






U 4-4 Lc. J-lky-4j 4.1k n* 


£jt>* UjlLc. MjJ in^4 3^ Ska Li £kj ^k. kkkD dLij^ kjj • Jk (>) 
S v ot_r*Ji £jl>- J^SLj t#JLk Ijlfj iillj jk Vi . JkjJLl fMk S^JJtV 1 

^-y»^j ^ .^^yiij JjL^ 4k>r k 4Urt) jLUb jLj^J) jkli A kk* (T ) 

Lc£ <JjLV< ^k Jruc.buU’ JjLSj 4ku *k^4 Jkj Ja . jruc.klJi jL-^ 4 u> Jju JjIVL* j1^4 

IJJjLJi u < ^ujuj fi 
«JJkJ» £4 U j-kl (T) 

4> V“3 J£ < % 4 aA >< ^r 1 ^ 4 J^^-4 J>U» jj ' j \ jJl^xa JLk - 

*«* JLkj . JjL>» J£ ^Jk 4 jjJ*J 4»lfck 4 4*4> kj-fla -^jkol JjL»» 4 * > il V 1 

Jfvillt ^yA Jjkll ^k ^Luikll 414xl* ^ * it j.x 4 

• &A* ^! JLH^ 1 

J 4 L 14 rLV>J< ^y* f-jy ^y$ 4Lv^*jl>' 4d<trfc \ Slkm>* 4U^l s^j 4Uj^k 4ai? ^JLU< JSLU 1 (t) 

. J^yllb ^a 4^4 l^j JHCJ 4LuUl 4J4 ^lul^ 'jli . wJLli' ^w4 4jlkji 



1 S,P > JLk c>kJi £ki JIM* ,%) liU 0 

t R , Q JLk ^lSjL)t 1) ^IjLilU oJL> ljU (T 

J^Suj ^U 1 dUG JnC (Vc^^b L*£ . JniLLk <AjjkJ f ikUl JkJu 1 ill gyut\ (T 

SSjl^U kb ^4 































c)5l^ B A i jA j\ .**a ) (t) JSLuJ* «, U*E jJ*A * (£) 

jl .1 a *11.1* J* c.^lLa^ 42 * ^Li -*3 £b^jj* Lr* *->>- 3 *I * CaSL £$ J3-AI4 

jSJ« jluIII^ iJ$b*-4 JIaj (o) JLUl . B vl)^ ji JLJU 5 A ^jJ) jl Jti ^ljul]t jLi 4 

AU r. fj5U* /A-Ai if< JjbL-y-> Juju £*J_a* .4 ^ A ^ ^>xi. x,y <jt j-Ja ^Jjdl 

.J>ij U Jk .y X jlaaaJ 


/ 




4jj^j 44 A ft UJOJL^I ^ 2 Aj^L* jLaSjI J4ll4j 60 4u ij 4jjlj jjJuul ^ ( * ) 

. Ajl+J' £jU3 3 ^ t U 

Jrj isLU» C^jLSa J^L 66 X 10 8 m 4 -L> 3-4 J^k J 3 JU 1 0 *jLs^» ka.^ ( V ) 


5m j-U »3 jSlr*lt 4 ^u il^Lill iiLud** • • x J0‘ 4 m J\~A£nl<«V jr\LrkkJ» s£>+ 

.f^il* c y-jj J-4 JtJlJUL* JrUjJLA J*j 4iftL*ll > 

Jhj * jU ^ — « . IjjL* bl a ««jt cU» 4 ju4 s-jL^^ j 3 -yu-u> AA^Jij klkll Jv* 3 ( A ) 

utjjJ Ulu . Jiu*V Ltfij Aifr^i UjLk >5J* J*a t_Aubll IjaJL *kd4 4^L^4 

.^JLcV k«)j 4IA33 4^-3] La.br AtLba 4 ^-L-^a 
Jj^JbJf j~+L |JP I^ *lib jb> 3-^ 1 O* ^LSj «< 3 ^Jb *$1*4 J^Jb kjj ( ^ ) 

J4 jliLi « ^ a 4 .1 ? * jVl ^Llu J 4 Jj <>* 4jbjJLx4j j^^aI♦ J ^ . J^liJb 

1 ^xxiU* Ja £jj o^M 1 J* JaUD* 

























.(ilaL*) 1 jJoLa** 4j^j‘ JjL* ^[jj^lm J^S-J La la$^-U’ v ^£i* ( '• ) 

V4 LumSx. LluIjU 4lnrt 1 jl JLjlC JjlxJl jlj^ajt 4 Xi^luLuU iJLste) 1 Ail loj^ |^J 

f t t *U~ klr ij^AjV* tllli 4 >luu« 

uiji&ij 3 jl£. ^t > 0.4 m/s A^i j^jJ) jbjuui 4c0.5 cm < la«*V) (U ) 

t wt <?jla j^jbc 0.25 m/s ^jJ^ j1^a« a&>*•£ 0.2 cm JJ lii »^*«n 

Jw* w^mIL# jJlS %!} 4 >■ 11A r JL>I A A JyuJuL o 1 j dj^jl (u) 

whub>t 0.5cm a^ tUi jnii \ ^ t« *1* ^> ^!t w v* a a 4 ^^ a 4*> |tj dll 

•800kgnr 3 iiliSj lOOOkgm 3 *Ut iiUt£ Jl lil £>l! »a^ >2^ £U3 jI 

200 N UjjLi 5)i A-ik 4x1 O' 4 m 2 jjJl^]' 4 <m»£* ^Inii * a^Lu^ ^14 (>t) 

4>M a£J»t LrfJLj-a3 ^jyUl 4lXl» jlilil UU4>I 20 X 10^m 2 ^xoSLtl 4««i < V4 tUj * 4 ^Lul44 

AUuuojSrt JL Lck- a ^ a %^ 11 ^^iSLLl t4 Jj^Ij ^L*- j^&SJi 





























AJbj JJt ^Jj rjLrtJ 1 Ja jdaUJ* cjrflaJ 1 3 ju 1 J^Sb >b f M-ka) AijJdl rjL^ J$Sb Lajual - \ 

^JLc 4 ijJJt Ji^<j c^ilaJ* Ja l u£i*1' JjlLJ’ c’ JjLu 4jj^*a> ^ ^^ A?t cJJjJ Aajjua 

^Jj ^jLitl 1 Ja jubLJ 1 c^laJ» 3 jlu* JUi c^J» A^JJt J^Sb La aJL^ LaI ,£lj*JJt 
j.->\ /*!< 4 -jjj JLIjJ iaJ^JJ’ Ja jJLailt 3 jli1 Ja JjSb J^jJl 

'i^&juYb 

jL^y*4 ^jI^JLa Ja-c. ^IjJl JjUJ! Jaju - V 

w bUb £* jjj jLl^-Li J^La iiUjLj > a!a Lt^jiLoj jljlj <Ar J<LajLt«Jl J1c.Lm.4Lh 

.A^l)?' jLiaI Ij»L*a 4I4 jju ^JLc.3 Jjb*J' iaIV r uaiU > 

iiyixC LLiaj .iaiLJ* cjbalf J^LaJl j.4 U-i^SLc. c^bal) 3aU,1 jLii 1 JaLjla w^UIj -T 

iJb* w ^- 2J5 .<J J^LaJ* 14 Lp^ia ».^4»11 Ij 43 —ilJ ' AjjlJJl 4 al^ JUl ^jp (f) = «L 

Ji \.^AJU^mJ Mi ^wlJLJ ' AJ4* J' J$£j jiVI J^laJl ^jjVI C^LaJ 1 


c^ 1 w L> ‘ jlL! LJLS Lu.I£jl>i aJ Jjjlj^j %Lu^» .., «i£a1 J 4a a *>L?mJl J 5 >-^V< J-^aj 

^$1* J^LaJl 4-^5 s-4->V‘ w a-i ! 1 aJL> La I . 4^-3 JS wT i aLa^va Aj^j'j JLilill 

L^Ia AJlu 5 wj£lt ^Jj w U*a-j JI cxLaJ* A 3^ub AJ^^rm ] 1 Aj$’J h J^SJ vi-SS * 1 

. Alibi4 AAJ w4 4iib A>$ JS Ja JLiLJt c^baJ* s^La-> dUjJ LIS L»lSLmj 1 ^jbu JI J 3 J 

- L^a-4 JS ^Jk. Lj^4j1 1-aA i y <bVt P,S J-4 JS JluL jLaui ^Jlu <%}-!-! 


. A>jjJ » Aj i 1 3Jt w v4 Aj^lJj 4jyJu R,Q Jr4 JS Jllc L> -Sbul -U 

Sjlj^U aA *lr> Ja 4b^SLlt Aaj ^ wa f < Ail til 1 Jc JtLiJa Ja Aj^SI 1 A-oa—aJ 1 A A iLP JLaJb -J 
4 . i i *|t a . li 4^jjJb '' c^^ii a » 1 ^ ti laLuiU 

. S^y4 Ji-ljdJ LlS L«lSjU* ^}V' ^ 1 ft ■ -- ■ ■ < c^ulaJ* 


\10 


Jtdai\ £ 






























o 

Ja Ji-ij' fcLm.AH JV ‘jlAa * ^LLUb 30 ijj'JJl - ~ X 4jjt^Jl -0 

4j*'j Jv# J^SLj jlj j^ V U^ft ij4»j i Ji .4 a\Jl£ Iz-lm* ^J| *±\J£ J5i ia-L M$ 


i^ISju' 4 j *1 j JL%j Y . (±am jJb <Ac S _ T & 14 ^ X 4 .^a-A SaU j Jy 4 jl> V tlUjd jl m^'iV* 

uju iiUjJ 90 jgx.Lm.ilh jnu 4 ji‘ jJ‘ Jmj*j 1 jl* a 45 la^i.iJl ijjl^J 

AB. vIjuU* Jk. Y h*[j'j 




<f> = sin '(n x sin#) = sin '(V2 x 0.5) = 45° 
a = 2</>- A=(2x 45)-60 = 30° 


- 1 


- V 

Ax = A— 
d 

Ax = 66 x 10® x-^——r- = 3x 10" 3 m 

11 x I0 -4 


;V’ 4_oaL?Ji 4?L-Xj‘ Wjl ««il» cLl‘ L 4 JLuC - A 

JjdL4 sl»^xU 1 ? < Ar^U^.4 dJju JxLd 1 a 4-lwJ 1 cUj* ^*4 Ale^ A'Aj^Ii 

4ju 3 jV^ 4jOAbfeJ ' .1*4) cllt ^Lf V |>^li jwitl' LtJUXJ .Q—AVljL^h )V^ 

Jj>AJ *^1aj <U3!< 4L>L^u4 4^^ J-4 4jLx^ Jib a . 4JbtJU jJ 

. L_lLk^ujV * JjLjL4 

Vii.^ 14 JJllI j 4. a Ur J^1‘ jUJ ’ likilnh 4.^.4.!) J^JLiJ 1 aIaJj - 5 

. jV' ^lx 4 iA» jSf* ikJAlAfeJ* ibtX 44 J jMmxj 4^ill IUaa . <LL3-'Jlj 


^^LsJl JumaH "1 • 

























A,v, =A 2 v 2 

7 i (0.5 x 10 -2 ) 2 x 0.4 = n71(0.2 x I0‘ 2 ) 2 x 0.25 


-y y 


n = 


I x 10' 
1x10* 


= 10 


h 0 P„ = hwP» 


•1 T 


h = 

o 


(1.5 xl0* 2 )x 1000 
800 


= 1.9x 10' 2 m 


F A 
f a 

F 20x10-* 

200 “ 4x10 4 
F = 5 x 200 = 1000N 



1000 

10 


= 100kg 


->r 



m 




mrr 




















OjLiaJI CJlDtalQoll 





qJLqLljuloJI osli±1oJI 




















